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ABSTRACT
The Developmental Effects of Irrelevant Information on
Problem Sclving Strategies
by
Abigail Moss
Advisor: Professor Barry Gholson

This study investigates the developmental aspects of selective
attention to relevant information in the context of a complex problem
solving task. In a number of studies, Hagan and his associates (1967,
1968, 1969, 1970) have investigated this issue in relation to serial
memory. They found that the recall of central (relevant) information
increased with age. Although recall of incidental (irrelevant) infor-
mation was above chance for all ages, the proportion of incidental to
central information recalled, remained constant or dropped between the
ages of 12 and 14.

The ability to exclude irrelevant information is critical to com-
plex problem solution. The present study examines the ability of third
and eighth graders to process information relevant to problem solution
and to employ strategic approaches to solution. Studying children as-
sumed to differ in cognitive capacities should yield a better understand-
ing of the processes involved in the development of selective attention.

Ninety=six children from each grade were individually presented
with five practice and eight experimental problems based on the hypothe-
sis testing paradigm (Gholson et al, 1972) with the modification that the
blank -trials were replaced by verbal probes (Karpf & Levine, 1971).
Children in each grade were equally divided into four experimental con-

ditions (12 boys and 12 girls per condition). The co:ditions differed



in the number of dimensions (four or eight) and whether or not a cue

card was provided as a memory aid,.

The four conditions were:

1) Four-Dimension-No-Cue - Standard four dimensional bivalued configu-
ration (Gholson et al, 1972 ). The child was told that all dimensions
in the configuration were relevant to solution.

2) Four-Dimension-Cue - ~- Same as 1 with the addition of a cue card
listing the eight hypotheses that were potential solutions (e.g.)
black, white, circle, square, big, little, S, B).

3) Eight-Dimension-No-Cue - Eight dimensional bivalued configurations
constructed in the same manner as Four-Dimensional-No~Cue, Fsr each
problem, the child was told which four of the dimensions were rele-
vant to solution. (In order to solve, the child must relate feed-
back information to only the designated four.)

4) Eight-Dimension-Cue - Same as 3 with the addition of a cue card
listing the eight hypotheses that were potential solutions to that
problem,

Age had a significant effect on all aspects of problem solving.
Across all conditions, eighth graders consistently solved a larger pro-
portion of the experimental problems and more efficiently processed feed-
back information (e.g. retained hypotheses following positive feedback,
etc.). In the Eight-Dimension-No-Cue condition, both age groups tested
irrelevant hypotheses but the younger group did this on significantly
more problems (597% vs. 457). The memory aid (Eight-Dimension-Cue) sig-
nificantly reduced the proportion of problems showing irrelevant hypothe-
ses in both age groups but the younger was less gsuccessful than the older

in eliminating them from processing (31% of the problems vs 127).



The data were analyzed for the effects of age and experimental con-

dition on the problem solving strategies identified by Gholson et al,
(1972). Under standard Four-Dimension-No-Cue conditions, the strategies

of third graders followed a similar pattern to that of the Gholson et sl.
(1972) elementary school groups in that the predominant strategic ap-
proach was dimension checking (sequential elimination of one dimension

per negative feedback trial). However, with the use of a verbal probe, there
was a:slightly greater proportion of problems in which the most efficient
strategy, fousing, was used (simultaneous processing of feedback information
to the total set of relevant hypotheses on each feedback trial). The
strategy patterm of esighth graders was similar to that of the adults in the
Gholson et al. (1972) study. They used an approximately equal proportion
of focusing and dimengion checking in their problems. Previding a memory
alid (Four-Dimension-Cue) did not affect the performance of eighth graders.
In contrast, the third graders processed information more efficiently and
showed a larger proportien of dimension echecking patterns than the Four-
Dimension-No-Cue group. The proportion of focusing was not affected. 1In
the Eight-Dimensfon-No-Cue condition (in comparison with Four-Dimension-
No-Cue) problem solving efficiency was decreased in both age groups. Both
ugsed a focusing strategy leas often and a dimension checking strategy on a
greatar proportion of their problems. While the addition of a memory aid
(Eight-Dimension~-Cue) decreased the proportion of problems on which irrele-
vant hypotheses were included in the sampling get, it did not affect prob-
lem solving efficiency in either age group. The third graders focused on

a smaller proportion of thelr problems and dimension checked on the same

proportion of problems as the Eight-Dimension-No-Cue group. Eighth graders,



on the other hand, dimension checked on more problems and focused on a

conccmitant smaller number of problems than their peers in the Eight=-
Diasension-No-Cue condition.

The verbal probe and the cue card are interpreted as reducing the
memory load in different ways, thus resulting in increased problem solv-
ing efficiency in third-grade children under Four-Dimension-Cue and No-
Cue conditions., The introduction of irrelevant information genbrally de-
creased efficiency, probhbly because of the increased demands placed upon
attention and memory. 1In addition, the cue card had differential effects
on performance depending upon age and the presence or absence of irrelevant
information. The data from the study suggest that problem solving efficiency
in this paradigm must be examined in terms of the attentional and memorial
demands of the particular stimulus situation as<well as of the particular

strategy.
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The broad area of interest in this study is the development of
conceptual thinking in middle childhood and adolescence. The focus is
on strategies uased in solving concept identification problems. Spe-
cifically, the experimental question concerns the effect of irrelevant
information on the problem solving behavior of children assumed to be
functioning at different cognitive levels,

It is generally agreed that there are limitations on the amount
of information the human organism can attend to at any one time
(Broadbent, 1958; Hagen, 1967; Moray, 1970; Neisser, 1967; Simon, 1972).
While theoretical :suppositions regarding the mechanisms and processes
involved differ, it is universally accepted that the human adult has the
ability to efficiently, if not perfectly, attend to some properties of
the environment to the relative exclusion of others (See Egeth, 1966;
Moray, 1970; Neisser, 1967; for theoretical reviews).

It 18 difficult to imagine any activity in which this ability is
not an asset, if not a necessity. In order to perform any task, the
features of the environment that convey useful information must be dif~
ferentiated from those which, at best, are not informative and at worst,
interfere with performance. Attention must be focused on the informa-
tion that is relevant,.

Observations of young children suggesat they make less distinction
between relevant and irrelevant aspects of the environment than do older
children and adults. The ability to screen-out irrelevant information
and selectively attend to relevant information may be relatively defi-

cient in younger children.



Hagen and his associates (Druker & Hagen, 1969; Hagen, 1967;
Hagen & Prisch, 1968; Hagen, Meacham & Mesibov, 1970; Hagen & Sabo,
1967; Sabo & Hagen, 1973) have conducted a series of studies that com-
prigse a systematic investigation of the development of stimulus selection
and exclusion in the context of a retention task. The studies cover the age
range from first grade through college.

The general experimental procedure has been to present a series
of visual arrays. Each array consisted of a number of cards. On each
card, the stimulus complex consisted of two vertically arranged drawings,
each an exemplar of one of two conceptual categories (e.g., animals and
household objects). Across the series, the cards varied in lecation in
the array, but not in content. The same two exemplars were always
paired (e.g.,pig and telephone). The inatructional set was to remember
the location of the exemplars of one category (e.g., the animals), Fol-
lowing each array, the measure of central (relevant) information recall
was the identification of the location of a particular exemplar in the
previous array (location-matching). Following the series, incidental
(irrelevant) recall was assessed by requiring the subject to match each
central exemplar with the exemplar from the other category with which it
had been paired in the presentations (pair-matching).

The most general finding across studies was that recall of cen-
tral information increased significantly with age. Although recall of
incidental information was significantly above chance for all age groups,
it either remained constant or decreased with age, depending upon the
particular task demands. In all studies, the proportion of recalled
central information to incidental information began to increase some-

where between the sixth and seventh grades. The drop, at about this age,



in the proportion of incidental information retained has also been ob-
gerved in other contexts. In a modified discrimination learning para-
digm, Siegal and Stevenson (1966) found that the amount of incidental
learning increased between about the seventh and twelfth years and be-
gan to decline between ages twelve and fourteen. Similarly, the inci-
dental information recalled from film presentations increased through
the elementary school years and then dropped at the seventh-grade
(Colline, 1970; Hale, Miller & Stevenson, 1968)., In an investigation
of selective listening with distraction, Doyle (1973) found that the re-
tention of central information increazsed from eight to fourteen years
while the retention of distracting information decreased.

Although these studies are few in number, they do include a
variety of situational contexts. One observation common to all of them
is that within the 11 to 14 age range there is an increase in the pro-
portion of central teo incidental information recalled. 1In the Hagen
studies, these findinge remained stable despite manipulations of stimu-
lus discriminability (Druker & Hagen, 1969; Hagen & = Frisch, 1968);
the amount of exposure to incidental information (Baker in Hagen, 1972);
and variations in the designation of incidental and central information
(Hagen & Sabo, 1967).

Apparently, when the older children were presented with a situa-
tion in which they were instructed to attend to a particular set of
stimuli, they directed their attention to that set and retained less in-
formation about other aspects of the stimulus situation. On the other
hand, the younger children did not as effectively direct their attention
as evidenced by the finding that there was not as large a difference be-

tween the amount of relevant and irrelevant information recalled



(Druker & Hagen, 1969; Hagen, 1967; Hagen & Sabo, 1967; Maccoby &
Hagen, 1965),

This raises the issue of how the selection process operates.

What is responsible for the change with age in the retention of informa-
tion from one aspect of a situation to the relative exclusion of infor-
mation from other environmental sgources?

One possibility is that observed changes in functioning are pri-
marily a reflection of physiological development. This view is based on
Broadbent's (1958) filter model. Broadbent conceptualized the human
nervous system as limited in communication channel capacity. Within
that system, filters operate to separate relevant from irrelevant infor-
mation. The {irrelevant information is either rejected at input or en-
ters short term memory and fades without further procesgsing. Only rele-
vant information affects response or is stored in long-term memory.

Hagen (1967) based a developmental model on this conceptualiza-~
tion. The assumption was that the lack of selectivity observed in the
behavior of young children was a function of an inadequately developed
filter system. Since the theory postulates that the filters function to
prevent information overload, it was predicted that the proportion of
incidental to central information retained would decrease with age. The
expectation was that the older subjects, under information overload con-
ditions, would filter out the incidental information in order to maintain
performance on the central memory task. In general, the data did not
support this hypothesis. Under those conditions, central task perform-
ance decreased significantly at all ages (first- through seventh-grade)
whereas there was no significant effect on incidental recall (Hagen,

1967; Maccoby & Hagen, 1965).



Hagen (1967) has proposed a developmental translation of Neisser's
(1967) theory of focal attention as a better fit to his experimental ob-
servations. In the Broadbent (1958) filter model, the erucial factor
involves limitations of the system. The theory is quite precise in de-
lineating the mechanisms of the system but it doesn't attempt an expla-
nation of the process of selective attention.

Neisser's (1967) model of 'focal attentien' directly addressed
itgelf to that issue. He postulated a two stage theory of attention.

In the first stage, labeled °preattentive', information is primarily
handled in a global, undifferentiated fashion. The second stage is
characterized by an active analysig of the stimulus gituation and a re-
construction which includes only those aspects of the situation se-
lected for further processing. This stage is described as 'analysis by
synthesis®.

Hagen (1972) postulated that the improvement in selectivity ob-
served in the adolescent may be a function of ‘analysis by synthesis’
processing of information. He suggests that this kind of attentional
process may not reach full development until preadolescence. He alse
suggaests that the intake of task relevant and irrelevant i{nformation may
involve separate processes. Irrelevant information intake may not be
directly affected by developmental change. When measured, it may de-
cline in comparison to relevant information as a function of interfer-
ence due to the encoding and storing of task relevant information. It is
his contention that the older children's superiority in recognizing and
recalling relevant material in situations in which relevant and irrele-
vant stimulus features were present is because they visually attend to

only the relevant features and verbally encode only that information.



In support of this position, Hagen cites pertinent data frem
several studies. In the Druker and Hagen (1969) and Sabo and Hagen
(1973) studies, there were significantly more pest-experimental verbal
reports of visual scanning and rehearsing of only relevant material from
the older children (seventh- and eighth-grade) than from the younger
(third-, fourth-, fifth- and sixth grades). In a study by Hagen,
Meacham and Meaibov (1970), subjects had to label each central category
ae the stimuli were presented. Although labeling did not affect central
task performance for subjects in grades four, six and eight, it did in-
terfere with the performance of college students. In the ssme vein, an
imposition of a distractor task (counting aloud) significantly lowered
the central task scores of seventh-grade children but not third- or
fifth-grade children (Sabo & Hagen, 1973). The authors concluded that
labeling and counting interfered with spontaneous rehearsal in the older
groups in each study but did not affect performance in the younger
groups because, presumably, the children in the latter group were not
rehearsing.

The:evidence he presents from his own studies is not very compel-
ling. There ig no way to determine 1f the verbal reports of visual
scanning and verbal encoding activities actually reflected the activi-
ties of the subjects. It is equally likely that differences in this
measure are indications of age differencea in awareness of one'’s cwn
activities or in specifically articulating these activities (Flavell,
1971). The evidence from the studies using ‘counting' and "labeling' con-
ditions is equally suspect since the designs do not permit the observation of
the inferred rehearaal strategieas. But other studies ( Appel, Cooper,

McCarrel, Sims, Knight, Yussen & Flavell, 1972; Belmont & Butterfield, 1971;



Moely, Olson, Holmes & Flavell, 1969; Neimark, Siotnick & Ulrich,
1971) specifically designed to permit observation of the subject's ac-
tivity in the process of enceding material for recall have demonstrated
that children do use mnemsnic strategies and theee activities become
more spontanecus, varied and task appropriate with increasing age.

Hagen®s (1971, 1972) argument is that the subject brings to the
experimental situation knowledge he has acquired from his experiences
in similar situations. If he has mnemonic strategies available that in-
crease the probability of reteining the material and he realizes beth
that he has them and that they are tagk appropriate, he will employ them
in the situation. The cognitive activity necessary for memorizing the
relevant material then precludes attention to irrelevant aspects of the
situation and those aspects will, therefore, neither be scanned nor en-~
coded for storage.

Attention, by definition, invelves careful gbservation and con-
centration. Attention, therefore, in contrast to looking or listening,
hae an inherently active quality. Neisser (1967) refers to it as ‘'con-
centrating the processes of analysis on a selected portion of the field'.
It would seem to be always in the service of another activity, be it
memoriging, learning or problem solving. In Hagen's studies the task is
to memorize one relationship present in the stimulus situation; usually
the relationship of particular category representatives to their leca-
tion in an array. The second relationship, usually of the two pictures
that comprise the stimulus complex, is irrelevant to the task as defined
by the experimenter. The behavior of the younger child in these studies
does not appear to conform completely to Hagen's (1972) developmental
version of Neisser's (1967) theory. The evidence suggests younger chil-

dren also engage in second stage processing. They seem to engage in



‘analysis by synthesis’ but the activity is not limited to only the de-
signated relevant relationship. They, for example, remember as much
and gometimes more of the information involved in both relationszhips.
Furthermore, the verbal reports of the younger children indicate they
engage in the same task appropriate activities as the older children
(i.e.,visual scanning and rehearsal) but they de not exclude the rela-
tionship designated 'irrelevant’ from these activities. It is unclear
vwhy they do not. It seems unlikely that fifth-grade children do not
understand the relatively simple task instructions.

An examination of the data from several of the Hagen studies
(Hagen, 1967; Hagen, Meacham & Mecibov, 1970; Hagen & Sabo, 1967)
suggesats a poasible explanation., Perhaps two separate processes are
necegsary for maximal performance on a selective attention task. The
subject may have to actively attend to the relevant information,
encode it, and also actively screen out the irrelevant information so
that it deee not intrude on task relevant encoding activity. Inteke and
exclugien may be two separate processes. Furthermore, contrary to
Hagen's (1972) supposition, the inhibition of an attentional response to
designated irrelevant information may also follow a developmental pat-
tern. The data from the Hagen and Sabo (1967) study, for example, sug-
gest that the ability to inhibit responses to aspects of the stimulus
situation which are salient but contrary to the task demands may develop
with age. This study compared the effect of pair-matching versus loca-
tion-matching as the central task (relevant information). The instruc-
tional set did not“affect the usual finding that older children retain
a larger proportion of relevant to irrelevant information. This remained

invariant regardless of which relationship was designated task relevant.



It appeared, however, that the pair relationship was salient for all
age groups, eince the proportion of relevant to irrelevant information
recalled was higher in each age group when pair-matching was the cen-
tral task (relevant information) than when location-matching was the
central task. The third-grade children did not vary in performance ag
a function of task demands; that is, they retained relatively the game
proportion of information about each relationship whether it was desig-
nated 'relevant' or 'irrelevant.' 1In contrast, the seventh-and ninth-
grade children did vary their performance as a function of task demands.
Although there was no increase in the number of locations recalled when
that relationship was designated 'relevant', there was a decrease in
the number of pairs recalled when that relationship was designated
'{rrelevant,' It appears that the third-grade children were more af-
fected by the salience of the pair-matching relationship than the older
groups. This suggests,then, that the older children employed an exclu-
sion process of some kind which enabled them to discount the effect of
the saliency of pair-matching when it was designated task ‘irrelevant’.
Further support for the hypothesis that processes involving se-
lective attention to relevant cues and exclusion of irrelevant cues may
be relatively independent and even follow different developmental
courses is obtained from a comparison of the Hagen (1967) and Hagen,
Meachem and Mesibov (1970) studies. Both studies included a compari-
son of location relationship recall when no irrelevant information was
present (one category stimuli) and when irrelevant information was pres-
ent (standard two category stimuli). In the Hagen (1967) study, the
seventh-grade children showed the usual superiority over the younger

groups in the proportion of central (relevant) to incidental



(irrelevant) information recalled. However, they were similar to the
younger groups in recalling more central information when no irrele-
vant information was present (one category stimuli) than when it was
(two category stimuli). In contrast, the college students in the Hagen
et al,(1970) study not only retained a greater proportion of relevant
to irrelevant information but also recalled the same number of locations
regardless of whether irrelevant information was included in the stimu-
lug complex. This suggeats that although both the seventh-grade chil-
dren and the college students used appropriate encoding strategies, the
seventh-grade childrén were still in some undetermined way affected by
the presence of irrelevant information in the stimulus comblex, whereas
the college students were not.

Apparently, focusing attention on the relevant situational com-
ponents of this task is more difficult than just applying an appropriate
encoding strategy to the relevant information. The data frem the Hagen
and Sabo (1967) study suggest that differences smong age groups may be,
to some degree, a function of the younger child’s failure to focus at-
tention on an externally designated ‘relevant' relationship when the
'irrelevant' relationship is more salient. Whether the relatively
small difference between the amount of relevant and irrelevant informa-
tion recalled by the younger children was due to some difficulty in ex-
cluding irrelevant information from enceding activities or was due to
not engaging in appropriate encoding activities cannot be determined
from the data. But the observation that irrelevant information was a
distracting attentional factor for seventh-grade children (Hagen, 1967)
and yet did not effect the ratio of relevant to irrelevant information

recalled suggests that children in this age group engaged in exclusion



and encoding activities which enabled them to offset the intrusion of
irrelevant information and meet task demands.

A number of researchers in the area of memory development
(Corsini  1971; Flavell, 1971; Hagen, 1971) have maintained that two
important factors contribute to the age-related improvement in recall
performance. First, the developing child is acquiring a variety of
mnemonic strategies. Second, he i8 also acquiring an understanding of
the nature of different problems and a concomitant recognition of the
most appropriate application of a particular atrategy to a particular
task.

Effective inhibition of an attentional response to designated
irrelevant material may develop gradually. Nevertheless, it may not
seriously interfere with task performance if the individual can assess
the goals of a task; has & repertoire of means to reach those goals;
can determine the particular means which will most effectively lead to
the goals; and cheoses to use these means.

Flavell (1971) has made the4point that memory, problem solving
and learning are essentially applied cognition. How these processes
operate at a particular point in time is fundamentally & function of the
cognitive structural organization operative at that stage of development.
Perhaps, the change in the ratio of relevant to irrelevant information
recalled which is generally observed in the 11 to 13 age range is a
function of the development of the ability to accurately assess a task
situation in its entirety and plan a means to reach the goal based on
an analysis of the inherent possibilities in the situation. That would

seenm to be a sine qua non for what Flavell (1963) refers to as the most



important general property of formal operational thought, the ability to
discover the 'real' from entertaining the total set of 'posasibles.' This
kind of task analysis may not be possible until the child is at least on
the threshold of formal operational thinking.

In this situation, if the ability is present, the individual
will attempt to reject the irrelevant information and focus on the in-
formation that is relevant, since he ‘understands' that the irrelevant
information is superfluous to the task at hand. If he does not assess
the total situation, he may attempt to comply with task demands in a
more concrete fashion; i.e. try to remember what was asked for but make
no attempt to exclude from attention or encoding those aspects of the
stimulus complex which are extraneous to the task.

The younger child's understanding of any task may be quite dif-
ferent from that of the adolescent (Piaget & Inhelder, 1969). Al-
though the younger child might understand task instructions and try to
comply with task demands, the activities he engages in will be limited
both by the meana at his command and his understanding of what is8 neces-
sary for effective task performance. The means necessary for achieving
the goal of a particular task are determined by the nature of the task,
but the ability to analyze any task situation in order to apply the ap-
propriate means is general. Competence at the latter level may be a
function of the child's presently existing cognitive organization.

The argument is that the way in which an i{individual deals with
irrelevant information present in a stimulus situation is very much de-
pendent on how he analygzes the situation. By the same reasoning, the
way he analyzes the situation is basically dependent on his cognitive
level.

But the way in which he deals with irrelevant information ig also



dependent on the nature of the task., In recall studies, the task is to
encode a set of data, store them for a short period (or continuocusly re-
hearse them) and then retrieve the data and respond appropriately. De-
pending on information load, attention to the irrelevant information may or
may not preclude success on the task; i.e., recalling the relevant data.

A problem solving situation is more complex. It would seem that
the elimination of irrelevant information from the data to be processed
would be a most important factor in successful problem solving. To ef-
ficiently tackle a problem, the initial step would seem to be to con-
eider all the possible relations that might lead to solution. 1If irre-
ievant information iz included as bagic data, the problem would, minimal-
ly, involve many more steps to solution and might never be solved., Pre-
genting children of different ages with a problem solving task in which
geparation and exclusion of irrelevant information are more crucial than
in a simple memory task should lead to a better understanding of how
children agsgumed to be functioning on different cegnitive levels handle
selective attention to relevant information.

A paradigm that seems appropriate is Levine's (1966) hypothesis
testing model. Within the last few years, this paradigm has been used
in a number of concept identification studies with children (Eimas,
1969, 1970; Gholson, Levine & Phillips, 1972; Gholson, Phillips &
Levine, 1973; Ingalls & Dickerson, 1969; Neussle, 1972). The task is
usually a four-dimensional bivalued discrimination-learning problem that
utilizes a hypothesis probe technique. This technique, commonly in-
volving blank trials, permits the monitoring of a subject's sequence of
hypotheses throughout a problem. There are two sets of stimuli; each

congigts of four pairs of stimulus configurations. In each set,



each level of every dimension appears twice with each level of every
other dimension. With the use of such counterbalanced stimuli on blank
trials, the hypothesis the subject is currently testing can be inferred
from the series of reaponse choices on the non-feedback trials. With the
ugse of such counterbalanced stimuli on feedback trials, the problem can
be logically solved following the third feedback trial.

The above mentioned studieg cover a wide age range (kindergarten
through college). Examining the patterns of findings across studies,
the following conclusions seem appropriate: From second grade on, under
standard conditions, children reliably formulated and used hypotheses.
They retained hypotheses when feedback was positive and rejected them
when feedback was negative. The findings from these studies lend strong
support for the contention that children as young as second grade behave
according to the assumptions of Levine's hypothesis theory (see Levine,
1966 for details),

The performances of the children were not, however, identical
to that of adults. Gholson et al, (1972) found that the percentage of
probleme solved increased with age. The largest difference was between
sixth-grade children and adults. The efficiency of information process-
ing was measured in the Eimas (1969, 1970), Ingalls and Dickerson (1969),
and Neusele (1972) studies by a 'focusing' formula (Levine, 1966). This
formula estimates the number of hypotheses in the set from which the
subject samples following negative feedback. Eimas (1969) reported that
only his college population utilized information efficiently. 1In the

Neussle (1972) study, ninth-grade children processed information more

efficiently than fifth-grade children. However, neither age group showed

maximum efficiency. 1Ingalls and Dickerson (1969) reported similar



findings. Although processing efficiency increased with age, even col-
lege students did not manifest perfect processing

Gholson et al,(1972, 1973) employed a different technique
for the evaluation of information processing. This model takes into
account the plan the subject follows across a series of feedback trials
and hypotheses probes. The technigue for characterizing a plan is anala-
gous to the technique for detecting hypotheses using blank-trial probes.
Just as an hypothesig may be inferred from a sequence of responses dur-
ing a blank-trial probe, the hypothesis sampling system may be inferred
from a seaquence of higothesea and feedback trial information. The hy-
potheses observed following the first three feedback trials are used for system
categorization. It is assumed that a system is a determinant of the se-
quence in which hypotheses are manifested. Based on the data from the
original experiments (Gholson et al.,1972), six systems were identified.
Three of these were characterized as strategies; these involve seauences
of hypotheses dictated by a logical format. They are methods of orocess-
ing information which, in principle, lead to solution. The other three
systems, which involve repeated manifestations of the same hypothesis,
have characteristics which do not fit into the information processing
conception and thus, were characterized as gstereotypes. A subject fol-
lowing such a gystem would, in principle, never attain solution.

The following is a brief description of the response patterns
that define each of these systems and the percentage of problems that
Gholson et al.(1972, 1973) observed in each of the categories.

Strategies
Focusing - It is assumed that a subject using a focusing plan begins the

problem by simultaneously considering all eight hypotheses as the poten-



tial solution. All hypotheses inconsistent with feedback are eliminated
following each feedback trial. Each of the first three hypotheses are
consistent with all previous feedback information (global consistency, Gregg
& Simon, 1967) and solution is reached following the third feedback trial.
Adults manifested this strategy in about half of their problems, Ten
percent or fewer of the elementary school children's problems could be
placed in this category.

Dimension Checking - This is a less efficlent strategy. Unlike focusing,
it is not assumed that the use of a dimension checking plan entails the
retention of all previous feedback information, A subject using a di-
mengion checking plan 18 assumed to order the hypotheses into pairs on
each dimension and to test one dimension at a time, choosing the value

of the dimension that is consistent with feedback from only the immediate-
ly preceding negative feedback trial. Only one hypothesis from each di-
mengion is manifested since the subject logically infers that its complement
was disconfirmed at the time the observed hypothesis was chosen. This
strategy was observed in approximately 35.to 457 of the adult problems.
Fourth-and sixth-grade children showed this pattern in approximately 55%
to 607% of their problems. Under standard conditions, second-grade chil-
dren showed this strategy in 557 of their problems. There were no de-
velopmental trends in the use of this system among the elementary-school
groups. Under standard conditions, kindergarten children did not mani-
fest this strategy.

Hypothesis Checking - This is the least efficient strategy. A subject
using this plan is also assumed to order hypotheses into pairs on each
dimension., But, in contrast to dimension checking, each hypothesis of
each dimension is tested in turn: e.g., the subject manifests 'black',

then'white' before rejecting the color dimension, etc. Adults manifested



this pattern during fewer than 10% of their problems. Fourth- and sixth-
grade children showed this in 5%to 15% of their problems and second-
grade children manifested it in about 25%. Kindergarten children, under
standard conditions, showed it during about 57 of their problems.
Stereotypes

Stimulus Preference - The first hypothesis sampled is consistently re-
peated despite disconfirmation by negative feedback. Virtually no adult
subject ever manifested this system., Five to fifteen percent of the
problems of fourth- and sixth-grade children were placed in this category.
Manifestation of this system was very dependent on task conditions for
both kindergarten and second-grade children. Within the second-grade
groups,58 to 35% of the problems followed this pattern.

Position Alternation - Positional responses are alternated throughout
each blank-trial probe (i.e., left, right, left, right or right, left,
right, left). This pattern was primarily observed in the problems of
kindergarten children.

Position Perseveration ~ One positional response is manifested through-

out the series of blank-trial probes (i.e. right, right, right, right
or left, left, left, left), This system was also observed primarily in
kindergarten children.

In addition, a category labeled 'Random' consisted of eight spe-
cific response sequences which did not fit into any of the six previous-
ly described patterns. These sequences were observed in about 3% of the
problems of adults and from 10 to 15% of the problems of elementary-
school children.

The techniques described in the Gholson et al, (1972) study per-

mit the observation of the subject's sequence of hypotheses throughout



the course of problem solving. The systems analysis appears to provide &
useful description of the subject's problem solving behavior. In prin-
ciple, the problem can be solved by any of three systematic plans
(strategies). Each strategy makes a differential demand on the intel-
lectual and mnemonic resources of the subject (see Appendix A for de-
tailed description of the demands of each). Gholson's data suggest that
children as young as second-grade can follew a plan in attempting to
solve a problem, They systematically use stimulus and feedback infor-
mation in formulating and testing hypotheses. There are, however, age
related differences both in the means (strategies) employed in attempt

to reach the goal and successful achievement of the goal. Under stan-
dard conditions, kindergarten children nearly always responded to this
problem in a stereotypic fashion, ignoring the demands of the task. The
three elementary school groups did not differ much in the systems they
employed. Primarily, they tested hypotheses, dimension by dimension.

But they did differ in successful achievement of the goal (1,2.:d13ccwer-
ing the solution hypothegis) with success increasing with age. The most
efficient strategy, focusing, was rarely observed among children of ele-
menatry-school age. Adults used this plan approximately 507 of the time
and eventually solved 967 of their problems,

The qualitative differences in approach manifested by children of
the various age groups and adults suggest that the system used in at-
tempting to solve a problem might reflect different stages of conceptual
thinking. An analysis of the demands inherent in the use of each strate-
gy suggests that the ability to employ a particular strategy may be a
function of the cognitive competence of the problem solver. The use
of dimension checking seems to imply a knowledge of class inclu~

sion concepts. Therefore, it is not surprising that this strategy



was not commonly obserwved in kindergarten children. The use of focusing
requires that the problem solver begins the problem with a more sophis-
ticated long range plan. Initially, he considers each member of the to-
tal set of hypotheses the potential solution and remembers all of them.
The set of potential solutions is systematically reduced by successively
eliminating all hypothesee associated with negative feedback. The suc-
cessful use of focusing appears to require a process of problem solving
analysis similar to that postulated as implicated in the change in the
relevant to irrelevant ratio observed in the 11 to 13 age range in the
selective attention literature: i.e., the ability to accurately assess

a task situation in its entirety and inaugurate a plan based on an analy-
sis of the total set of inherent possibilities for solution. Therefore,
the finding that virtually none of the problems of children from grades
two to six shovwad this strategy is also not surprising. A focusing
approach seems to call for the intellectual resources implicit in formal
operational thinking (Flavell, 1963).

The pregsent study ie based on theoretical assumptions similar to
those postulated by Flavell (1971) in his use of the term ‘'applied cog-
nition' to refer to the processes involved in problem solving, learning
and memory. It is assumed that children at different developmental
stages have various cognitive competencies that reflect different under-
lying cognitive structural organizationg. The choice of aga groups of
subjects for this study was based upon that assumpticn. The Piagetian
literature (Piaget & Inhelder, 1969) suggests that third-grade chil-
dren (roughly eight to nine) are most likely in the concrete operational
stage while eighth -grade cﬁildren (roughly thirteen to fourteen) should

be capable of formal operational thinking. A second consideration in



the choice of these age groups was that they have been repeatedly sampled
in the selective attention literature and the shift of attention

to relevant information has been consistently observed in the age range
of the older group.

The experimental plan called for the analysis of problem solving
behavior of the aforementioned age groups in four different stimulus
situations, Observations of behavior across ages under the different
conditions were expected to lead to inferences concerning the issues
discussed above.

Stimulus situations differed in terms of whether or not all the

otentially the golutisn and

dimengiong in the stimulus complex were potentiall v

"3

whether or not a memory aid was provided.

In accord with the theoretical suppositions underlying the choice
of age groups, it was expected that children in each group would manifest
strategies appropriate to their assumed cognitive level in a situation
in which no irrelevant information was included in the stimulus complex.
Therefore, it was hypothesized that eighth-grade children would manifest
focusing and dimension checking strategies in proportions approximate to
the adult population in the Gholson et al. (1972) study. Third-grade chil-
dren were expected to follow the pattern observed in elementary school
children in the Gholson et al.(1972, 1973) studies; i.e.,manifest dimen-
sion- checking on the majority of the preblems. The results of the Gholson
et al.(1972, 1973) studies also led to the expectation that the older
children would successfully complete a larger proportion of their strate-
gic plan and solve more problems than the younger children,

Eimas (1970) has suggested that age differences in retaining

information are an important factor in age related differences found in



performance in concept identification problems. In this task, one way
these differences would be manifested i{s in the tendency to repeat pre-
viously disconfirmed hypotheses. Neimark, Slotnich and Ulrich (1971)
have noted that in recall tasks children, in contrast to adults, had
difficulty in remembering which items they had previously recalled. The
authors suggest that this is a result of relatively inefficient mnemonic
encoding., In line with this, pilot data indicated that children in the
third-grade, in contrast to the eighth-grade, had difficulty in remember-
ing the hypotheses they had previously sampled. Thus, it was expected
that younger children would resample a larger proportion of previoualy
disconfirmed hvpotheges thap plder children,

It was expected that children in these two age groups would al-
8o be dissimilar in their behavior in the task when irrelevant dimen-
sions were included in the stimulus complex., In concordance with the
assumption that cognitive level influences the behavior of children in
a tagk situation which includes irrelevant information, it was assumed
that eighth-grade children, but not third-grade children, would assess
the situation and attempt to encode the relevant set of hypotheses in
some mnemonic fashion. Consequently, it was hypothesized that the third-
grade children would manifest a larger proportion of irrelevant hypothe-
gses than the eighth-grade children,

The assumption that the older, but not the younger, children
would plan their problem solving strategies based upon a thorough analy-
sis of the task situation suggests that the eighth-grade children, but
not the third-grade children, would alter their strategic approach to

the problem when irrelevant information was included in the stimulus

complex. It was expected that they would be more likely to initiate



a plan which involved less 'cognitive strain' in this situation than in
a gituation in which no irrelevant information was present. Therefore,
it was expected that a focusing strategy would be less evident in this
age group in the fermer situation than in the latter. Consequently,
there would be less difference in strategic approach between the two age
groups when irrelevant information was present than when it was absent.
The presence of irrelevant information in the stimulus complex
was expected to result in response disorganization among children of
both ages due to the difficulty of relating feedback to relevant informa-
tion only. Thus, it was expected that children of both age groups
would show lege efficiency in testing hypotheses and selve fewer problems
than their peers exposed to a stimulus complex which did not include ir-
relevant information. Nevertheless, the older children were expected
to show more efficiency than the younger and solve more problems,
Providing a memory aid that 1lists the total set of dimensions
in the stimulus complex in a gituation in which the solution might be
any of them provided a test of an hypothesis suggested by Ingalls and
Dickerson (1969) and Gumer and Levine (1971). Data from these studies
indicate that subjects of all ages sometimes omit a dimension from the
set of hypotheses considered. If the solution dimension 18 omitted the
problem is,of course, unsolvable. It was also thought that the omission
of a dimensicn might account for some of the'random' patterns cbserved
in the Gholson et al.(1972, 1973) studies. In addition, it was con-
gidered possible that the manifestation of previously disconfirmed hypo-
theses might be due to the child's sampling from a reduced set. There-
fore, the provision of a memory &id when all the stimulus information

was relevant was expected to result in eighth-grade children manifesting



a more perfect version of particular hypothesis sampling systems than
were manifested by their peers who were not provided with memory aids;
i.e., more focusing and dimension checking and fewer random sequences.
They were expected to manifest fewer previously disconfirmed hypotheses
and to solve more problems. It was thought that third-grade children
might not simultaneously attend to a memory aid and stimulus and feed-
back information. In that case, there would be no difference in perfor-
mance between the third-grade groups exposed to relevant information
only regardless of whether a memory aid was provided. However, if they
did attend to the memory aid, it was expected to improve third-grade
performance in the same way it improved eighth-grade performance.

It is difficult to tell from the Hagen et al. (1965, 1967, 1968,
1969, 1970, 1973) studies whether the young child's propensity to recall
approximately the same proportion of relevant and irrelevant information
ig a function of difficulty in screening out irrelevant information, or a
function of difficulty in enceding relevant informstion, or boeth. Pgo-
viding a memory aid in the form of a list of only those dimensions from
which the solution may be drawn in a problem solving situation in which
other dimensioneg (irrelevant information) are included in the stimulus
complex invelved an attempt to disentangle the processes involved in
excluding irrelevant information from attention and encoding relevant
information for recall, This situation was conceived as furnishing an
opportunity to explore the possibility that the exclusion of information
from attention and the encoding of 1nforﬁation for recall involve sepa-
rate processes which may follow different developmental patterns.

If the younger children's difficulties in selective attention



tasks are solely a function of inadequate or inappropriate encoding stra-
tegies as Hagen (1972) has hypothesized, the performance of third-grade
children in a situation which includes both relevant and irrelevant in-
formation and a memory aid listing the relevant dimensions should be
similar to that of their peers exposed to a stimulus complex without irre-
levant information and provided with a memory aid. However, if the ex-
clusfon of irrelevant information from processing in itself is difficult,
then their performance should be closer to that of their peers exposed
to the same stimulus complex without the provision of a memory aid.

The finding that irrelevant information interfered with recall
of relevant information in seventh-grade children but not college stu-
dents (Hagen, 1967; Hagen et al., 1970) suggests that the presence of
irrelevant information may interfere with encoding of relevant informa-
tion even in older children. If the presence of irrelevant information
has such an effeet on the functioning of eighth-grade children then the
provision of a memory aid should not improve performance in this situa-
tion. However, it was hypothesized that the older children's ability to
assess the goals of the task coupled with a repertoire of strategic ap-
proaches would enable them to control their attentional response to ir-
relevant information. Therefore, it was predicted that the performance
of eighth-grade children provided with a memory aid in this situation
would be similar to that of their peers who were provided with a memory
aid in a situation in which only relevant information was present.

In summary, the intention of this study was to investigate the
problem solving behavior of third- and eighth-grade children presented

wvith discrimination learning problems. The primary focus of the research



was a comparison of hypothesis sampling systems manifeated by children
in these two age groups when all four dimensions included in a stimulus
complex were potentially the solution (all relevant information) and
when the stimuius complex also included four extraneous dimensfons (irre-
levant information) which could not be the solution. In addition, in
each of these situations, the effect of providing a memory aid listing
the four potential solution (relevant) dimensions of a particular

problem was examined.



Method

Subjects: The subjects were 96 third-grade (mean CA = 8:10) and 96 eighth-
grade (mean CA 13:10) children attending elementary and junior high schools
in a middle class suburb of New York City. All third-grade children with
parental permission were tested in one elementary school. Ten randomly
chosen third-grade children from another elementary school in the district
completed the third-grade sample. Junior high school students volunteered
their free time., All who volunteered with parental permission were tested.
Cells were filled in balanced order with the following restrictions: there
were an equal number of boys and girls in each cell (12 boys and 12 girls);
children assigned to the various cells were roughly matched on both age

and the number of preliminary problems solved (solved one or two problems;

solved three problems; solved four or five problems).

Design: There were foue experimental conditions.

Four-Dimension-No-Cue: Four-dimensional stimuli with ne memory aid.
Eight-Dimension-No-Cue: Eight-dimensional stimuli with no memory aid.
Four-Dimension-Cue: Four dimensional stimuli with a memory aid.
Eight-Dimension~-Cue: Eight-dimensional stimuli with a memory aid.

This resulted in a 2 x 2 x 2 design: two levels of age (third vs eighth
grade) by two levels of informatioﬁ(four dimension (relevant only) vs
eight dimension (irrelevant added)) by two levels of cue (memory aid vs
no aid).

Materials: Eight four-dimensional bivalued problems modeled on Gholson
et al. (1972) stimuli were used in two conditions. The same number of
eight-dimensional bivalued problems constructed and organized according
to the same principles were the stimuli in the other two conditions. The

eight dimensions were shape (square and circle), letter (A and F; J and W;



H and Z;: X and R; T and L), size (three and one inch), color (brown and
green; purple and green; blue and red), line position (above and below the
configuration), line quality (dashed and solid), border number (one and
two), density (letter filled in and empty). The four-dimensional problems
incorporated all of the dimensions used in the eight-dimensional problems.
For each four-dimensional problem, there was a yoked eight-dimensional
problem in which the same four dimensions were potentially the solution
(relevant). In addition, four dimensions were included in the configura-
tion that could not be the solution (irrelevant), Each problem was pre-

gsented on twelve five x eight cards connected with loose leaf rings.

Stimulug Sequence: The gtimuli were arranged with the special restric-

tions for orthogonality specified by Levine (1966)., Each value of each
dimension was counterbalanced with each value of every other dimension.
The four stimulus pairs in a set were used to construct four sequential
trials (i.e., trials 1-4, 5-8, 9-12). The four relevant stimulus pairs
were arranged so that each of the gset of hypotheses yielded a pattern of
three responses to one side and one to the other during any four trials
(e.g., right, right, right, left; left, right, left, left; left, right,
right, right; right, right, left, right). Irrelevant hypotheses conformed
to patterns of two or four responses per side (e.g., left, left, left,
left; left, right, left, right; left, left, right, right; left, right,
right, left). The problems were comstructed so that the sclution hypothe-
sis was logically defined in any three consecutive feedback trials (see
Appendix B for a four dimension example).

All trials were feedback trials. Hypotheses probes preceded each

feedback trial. A verbal probe was the method of obtaining hypothesis

information from trial to trial. The decision to use a verbal probe

wvas based on Karpf and Levine's (1971) finding that verbal probes yield



the sama results as blank trials in adults, This was substantiated by
Phillips (1973) dissertation comparing blank~trial probes, verbal probes
and a no probe condition among groups of second- and sixth-grade chil-
dren, Her data suggested that this was a valid method for obtaining
successive hypotheses from elementary school children. Since there
were practical disadvantages in the use of the blank-trial probe (i.e.
loss of data for system analysis i{f there are any inconsistencies in

the first three blank-trial probes and intervening feedback trials),

the verbal probe was used. Feedback followed each trial. The sequence
was: the subject stated his hypothesis while the stimulus card was in front
of him; he chose one of the pair of stimulus configurations presented
by pointing to his choice; he was given verbal feedback as to the cor-
rectness of his choice (e.g.,'"yes, that's right" or "no, that one isn't
right, this one 1s" peinting to the stimulus configuration that in-
cluded the solution.) The stimulus configurations remained in front

of the subject for about three seconds following feedback. This pro-
cedure was continued through twelve guch trials.

Feedback information was preprogrammed so that each subject re-
ceived the same feedback sequences during the first three trials of the
various problams. The feedback patterns used were positive feedback on
the first two trials and negative on the third trial (+-); negative
feedback on each of the first three trials (-~-); positive feedback on
the first trial and negative feedback on the ensuing two trials (+--);
negative feedback on the first trial, positive feedback on the second
trial and negative feedback on the third trial (-+-). Each pattern was
assigned to a given problem (two problems per pattern). The solution
that was logically specified following the third trial, which always

involved negative feedback, was the basis for further feedback information.



Proceduze: Each subject was seen individually in an office in his own
school, The experimenter and the child sat side by side at a desk.
Preliminary training, consisting of five practice problems,was the same
for all children., The first two problems were four and eight dimension,
respectively. During these problems, the children were instructed in
the nature of the task:; i.e;:that one value was the solution; that there
waa a defined finite set of potential solutions; the method of stimulus
and feedback presentation. The next three preliminary problems were
used to instruct the subject in the method of verbally stating hypothe-
ses. He was taught to verbalize his hypothesis before each choice re-
aponse without prompting. He was asked to state an hypothesis prior to
his first choice response. He was told that this was optional but ver-
bal statements after the firast feedback trial were mandatory. He was
instructed that feedback information referred to responses to the stimu-
lus complex omly. The third problem was four-dimensional and the last
two were eight-dimensional.

Following preliminary training, each child was presented with a
series of eight experimental problems. Before each problem, the set of
possible solution hypotheses was verbally described by the experimenter
while she pointed them out in the stimulus configurations: e.g., "In
this problem, the right answer might be 'red’ or 'blue’ or ‘small’ or 'big’ or
"line up’ or 'line down' or ‘circle' or 'square'". The child was then
asked to repeat them and point to each as it was named. He was cor-
rected if he made a2 mistake, There was no further instructions in the
no memory aid conditions (see Appendix C for exact instructions).

In the memory aid condition, after the experimenter had labeled the hypo-

theses and the child had repeated them perfectly, a cue card (5 x 8



inches) listing the entire set was placed before him above the booklet
that contained the problem., He was asked to read the list i{n order to
assure that he could read. He was told that he could use the card dur-
ing the problem as a reminder of the set of possible answers (see Ap-
pendix D for eopy of sample cue card),

Following the final problem each subject was asked how he solved

the problems.



Results and Preliminary Discussion

The following analyses were based on the 96 children of each
grade level (12 males and 12 females in each of eight cells) who began
the experiment. Experimental error on the fourth feedback trial re-
sulted in the loss of data on 11 problems (one from each of the follow-
ing subjects: one male and one female-third-grade, Four-Dimension-Neo-
Cue, one male and two females-third-grade, Four-Dimension-Cue, two males-
third-grade, Eight-Dimension-No-Cue, one female-eighth-grade, Four-Di-
mension-No Cue, one female-eighth-grade, Four-Dimension-Cue and two
problems for one female-third-grade, Eight-Dimension-Cue). The analyses
were based on proportion of each child's responses normalized by the
Freeman-Tukey arcsin transformation for binomizal proportions (Freeman
&  Tukey, 1950). Strategy data for six of the problems were available
and are included in the strategy analyses (one mele and one female-
third-grade, Four-Dimension-Cue, one male, third-grade, Eight-Dimension-
No-Cue, one female-eighth-grade, Four-Dimengion-Cue and the two prob-
lems of the female in the third-grade, Eight-Dimension~Cue).

Response Consistency: In view of the fact that the verbalized hypothe-
ses are the primary data used in the analyses of problem solving be-
havior in this investigation, it is important to note that across both
ages and over all conditions, the response choice of the child was al-
ways predicted by his verbalized hypothesis; that is, the verbalized
hypothesis corresponded to one of the four values in the stimulus com-
plex chosen directly following verbalization 100% of the time.

Effects of Sex: The examination of the results was begun with statis-
tical analyses of the effects of sex on two overall measures of problem

solving efficiency.



Probability of solution: A problem was designated as solved 1if
the solution hypothesis was verbalized on the ninth trial and continued
to be held throughout the remaining trials (9-12), For each child, the
ratio of the total problems solved te those completed was computed. A
2 x 2 analysis of variance (Age x Sex) was performed and yielded a re-
liable main effect for age. F(1,188)=46.355. p £ .05. The main effect
for sex and the age x sex interaction were not significant (F=1.33 and
F < 1 respectively). The procedure throughout this paper will be te

report only one level of significance (p <. .05).

Probability of retaining an hypothesis given positive feedback:
One basic as#umption of hypothesis testing theory is that the subject
retains an hypothesis when feedback is positive (Gholson et al., 1969;
Levine, 1966, 1969; Trabasso and Bower, 1968). The proportion of tri-
als in which an hypothesis was retained when followed by positive feedback
(P(Hj=Hj-1 §F1n+) was calculated for each subject., A 2 x 2 analysis of
variance yielded a relisble main effect of age, F(1,188)=27.74, but no
gignificant sex or sex x age interaction effects (F < 1, in both cases).
In view of these preliminary findings, the remaining analyses were per-
formed on data that were collapsed over sex.
Solution Data:

Probability of Bolution: A 2 x 2 x 2 (Age x Information x Cue)
analysis of variance was performed on the probability of solution.
There were significant main effects of age (F(1,184)=65.23), informa-
tion (F=57.365) and cue (F=18.76) but no interaction effects were sig-
nificant (see Appendix E for all tables listing analyses of variance
results). The mean proportion of problems solved per experimental con-

dition is presented in Table 1, Since the main purpose of this study



Table 1

Mean Proportion of Problems Solved for Each Experimental Group

Condition Grade
.Third Eighth
Four-Dimension-~No-Cue .679 .922
Four-Dimension-Cue .804 .937
Eight-Dimension-No-Cue .532 .688
Eight-Dimension-Cue .658 .844




was to compare performance under different experimental conditions,
comparisons between the various groups were especially relevant to the
experimental questions, An appropriate technique for these comparisons
is the Tukey b procedure applied to ordered means (Petrinovich &
Hardyk, 1969). It is to be noted that this is a more conservative esti-
mate than the F test and leads to fewer significant differences.

With this procedure, each eighth-grade group, with the exception
of Eight-Dimension-No-Cue, solved a significantly larger proportion of
problems than the comparable third-grade group. A comparison of infor-
mation conditions in which no cue was provided (Four-Dimension-No-Cue
vs Eight-Dimension-No-Cue) indicated that both age groups solved & sig-
nificantly larger proportion of problems in the four dimension condi-
tion than in the eight dimension condition. The presence of a cue list
appeared, however, to have differential effects depending on age and
information level. The proportion of problem solved by the third-grade
children in the Four-Dimension-Cue condition was significantly larger
than the proportion solved by their peers im both the Four-Dimension-
No-Cue and Eight-Dimension~-Cue conditions. But there was no signifi-
cant difference in the proportion of problems solved by the two third=
grade Eight-Dimension groups (Cue, No Cue). Among the eighth-grade
groups, there was no significant difference in the proportion of prob-
lems solved by the Four-Dimension groups (Cue, vs No Cue) nor between
the groups provided with a cue (Four-Dimension-Cue vs Eight-Dimension-
Cue). But the eighth-grade group provided with a cue with eight-dimen-
sional stimuli solved a significantly larger proportion of problems than
the eighth-grade group exposed to the same stimuli without a cue list.

Thus, the third-grade group .provided with a cue with



stimuli that contained no irrelevant dimensions solved significantly
more problems than any other third-grade group. Also,exposure to only
relevant information rather than the combined relevant-irrelevant com-
plex resulted in a significantly larger proportion of solved problems
in this age group. Providing a cue did not affect third-grade prob-
lem solution when the stimuli contained {irrelevant information. On the
other hand, the proportion of problems solved by the eighth-grade chil-
dren was not significantly different when no irrelevant information was
included in the stimulus complex with or without a cue or when the com-
bined relevant-irrelevant complex was presented with a cue. But pre-
senting the relevant-irrelevant complex without a cue significantly
lowered the proportion of problems solved.

Errors in unsolved problems: It seems appropriate at this point

to examine the protocole of all unsolved problems to determine the errors

that interfered with solution., Three types of error were identified:

1. The solution dimension was never sampled.

2. The value opposite to the correct hypothesis of the solution dimen-
sion was the only one manifested on that dimension as either the
initial hypothesis (Hp) which was stated prior to first feedback or
in the bedy of the problem (i.e., hypotheses 1 through 85.

3. The sclution hypothesis was sampled and rejected despite positive
feedback.

An examination of Table 2 reveals that the most frequent error
that prevented solution among the third-grade children was neglecting
to sample the solution dimension (accounting for 707 of the failures in
this age group). Sampling only the value opposite the correct hypothe-

sis, either within the body of the problem or as the first hypothesis



prior to feedback was the second most frequent error (accounting for 25%
of the failures). On the remaining 5%, the solution hypothesis was
sampled and rejected despite positive feedback.

As Table 2 indicated, the third-grade pattern of errore in unsclved
problems remained constant across conditions, whereas the proportional dis-
tribution of errors in eighth-grade groups appeared to have been affected
by the experimental conditions. The presence of a cue list increased the
proportion of problems in which only the value opposite the correct hypo-
thesis of the sclution dimensien was sampled. This is particularly ap-
parent in the Four-Dimension-Cue group in which the usual pattern was re-
versed in that only the value opposite the correct hypothesis of the so-
lution dimension was sampled on 677 of the unsolved problems either as Ho
or following feedback. These data suggest that the presence of a cue lisgt
increased the likelihood that the eighth-grade children fincluded all of
the relevant dimensiens in their sample set but it was at times also
distracting in that it increased the probability of thelr sampling the
wrong hypothesis on the solution dimensfon.

However, there are wide differences in the number of problems on
which these proportions are based and these proportions are completely
interdependent. Since the eighth-grade children solved more problems
than the third-grade children in every condition (see Note on Table 2),
there were fewer problems represented in each of the eighth-grade groups.
These proportions, therefore, may be somevhat misleading. Bearing this
in mind, the failure to sample the solution dimension acceounted for 667
of the unsolved eighth-grade problems while sampling only the value
opposite the correct hypothesis on the solution dimension accounted for
307 of the unsolved problems. The remainder (4%) showed the rejection

of the solution hypothesis despite positive feedback.



Table 2

Percentage of Errors in Unsolved Problems in which
either the Solution Dimension was Missing, only the
Dimensional Opposite Hypothesis to Solution was
Verbalized or the Solution was Hypothesized and not Maintained

Condition Grade
Third Eighth
Solution dimension Four-Dimension-No-Cue 69 60
nisging :
Four-Dimension-Cue 73 33
Eight-Dimension-No-Cue 73 75
Eight-Dimension-Cue 65 63
Total 70 66
Only dimensional Four-Dimension-No~Cue 25 27
opposite hypothesis
verbalized Four-Dimension-Cue 24 67
Eight-Dimension-No-Cue 25 27
Eight-Dimension-Cue 23 33
Total 25 30
Solution hypothesiged Four-Dimension-No-Cue 6 13
and not maintained
Four-Dimension-Cue 3 0
Eight-Dimension-No-Cue 2 2
Eight-Dimension-Cue 12 3
Total 5 4

Note.

Four-Dimension-No~Cue
Four-Dimension-Cue
Eight-Dimension-No-Cue
Eight-Dimension-Cue

Third

61
37
89
65

Number of unsolved problems per group

Eighth

15
12
60
30



Thus, in the majority of unsolved problems among children of both age
groups, the solution dimension was omitted. This error has also been
observed by Levine et al, (1966) and Gumer & Levine (1971) in adult pro-
tocols using blank-trial hypotheses probes.

In an attempt to determine the cause of this error, an examina-~
tion was made of the number of dimensions sampled during those problems
in which neither value of the solution dimension was tested. As Table
3 indicates, the third-grade children tested only two dimensions in 29%
of the four-dimensional problems when no cue was present. This was re-
duced to 117 when the cue was present. The eighth-geade children tested
nypotheses from three dimensions during aii four-dimensional problems in
which hypotheses from the solution dimension were omitted. This sug-
gests that failure to solve in the majority of cases is due to
difficulty in processing information in relation to four dimensions and
that the younger children are likely to have more difficulty in this re-
gard than the older children. But this 1s contradicted by the data from
the eight-dimensional problems. When no cue list was provided with eight-
dimensional stimuli, the third-grade children tested hypotheses from four
to six dimensions (relevant and irrelevant) during 547 of those problems
in which the solution dimension was omitted. The percentage for the
eighth-grade children was 697.. Providing a cue with these stimuli re-
duced the proportion in both age groups, particularly the eighth-grade
group. The sampling by both age groups of four or more dimensions in
over 50% of the eight-dimensional problems in which the solution dimen-
sion was omitted does not support the hypothesis that failure to sample
the solution dimension is a function of difficulty in processing infor-

mation in relation to a large number of dimensions. When all dimensions



Table 3

Percentage of Unsolved Problems Missing the Solution Dimension

in Which Hypothesis Testing Included 1 to 6 Dimensions

Number of
Group Dimensions Problems
2 3 4 5 6
Third grade
Four-Dimengion ~ No-Cue 29.. 71 - - - 42
Four-Dimension - Cue 11. 89 - - - 27
Eight-Dimension - No-Cue 3 43 \\54“/// 65
~ ,//
Eight-Dimension « Cue 11 50 35, 42
Eighth grade
Four-Dimension - No~Cue 0 1000 - - - 9
Four-Dimension - Cue 0 100. 4
\\ //
Eight-Dimension - No-Cue & 27 69 45
~- ////
Eight-Dimension - Cue 11 63 26. 19




were relevant, providing a cue list increased the probability that all
dimensions would be samplied in both age groups. Although children in
both age groups sampled more dimensions when irrelevant dimenaions

were included in the stimulus configuration, they also were more likely
to omit the solution dimension. Providing a cue with this stimulus con-
figuration reduced the proportion of problems in which four or more di-
mengions were sampled but also reduced the proportion of problems in
which the solution dimension was omitted in both age groups, Thus, it
appears that failure to sample the solution dimension may be due to the
subject’'s failure to properly define the relevant set of hypotheses i.e.,
to include all relevant dimensions and exclude =211 irrelevant dimensions.
The data from this study suggest that third-grade children are less
likely to properly define the sampling set than eighth-grade children,
regardless of experimental conditions.

Problem order effects: In view of the emperience with five prac-

tice problems estemplifying the structure and procedure of the task, it
was not expected that the probability of solution would increase across
the eight experimental problems (i.e.,that learning-to-learn would occur).
The emphasis in a procedure of this kind is on the application of methods
of problem solving that are presumed to be in the repertoire of the sub-
ject, rather than the learning of new problem solving techniques within
the experimental session, Nevertheless, it is of interest to examine
this question statistically. Based on the assumption that there is a
constant probabllity of solving each problem, there should be no differ-
ence in frequency of solution between the first and second blocks of
problems (problems 1-4 vs problems 5-8). A ﬁl’lchi square) binomial

distribution with three degrees of freedom was devised for each cell



separately, Theoretical probabilities were based on the proportion of
problems solved within each group and p and q theoretical probabilities
were based on the frequency data (personal communication, Sol Weinstock).
The overall 2 x 2r%7' (24)=29.72(p=.20) was not significant. The
only significant increase in the probability of solution for the second
block over the first block took place in the third-grade Four-Dimension-
Cue condition (ﬂ[k(3)=7.84, p £ .05). The only other analysis that
approached significance was in the eighth-grade, Eight-Dimension-Cue
condition (}*(3)=6.18, p .10 7p £ .20) ~ (See Appendix F for table
listing the Chi Squares for each group and the overall Chi Square for
the eight groups and the frequencies across problems for each of the

experimental groups).

Hypothesis Testing Efficiency Data:
The probability of retaining an hypothesis following positive

feedback: The assumption of Hypothesis theory that the subject retains
a confirmed hypotliesis was examined by looking at each consecutive pair
of hypotheses when the intervening feedback was positive. The results
of a2 x 2 x 2 analysis of variance revealed that the main effects of
both age and information were significant (F(1,184)=29.3 and 9.0 re-
spectively). The only interaction that approached significance was the
age x cue (F=2.8,p .10 > p 7,05). The probability of retaining & confirmed
hypothesis (P(Hi'Hi-ll F,=+) was over .90 in each condition. Within
each condition, the eighth-grade children showed a greater probability
of maintaining an hypothesis following positive feedback than the third-
grade children. Overall, both age groups showed more efficiency in this
regard with four-dimentional stimuli than eight+dimensional stimuli.

With the more comservative Tukey b test, the only significant difference



between experimentally relevant probabilities occurred between the two
age groups at the two information levels under the No Cue conditions
(third-vs eighth-grade, Four-Dimension-No-Cue, Eight-Dimension-No-Cue.)
The aforementioned analysis included data across the 12 trials
of every problem. Including data from the criterion run may inflate the
proportion of confirmed hypotheses that are maintained. If so, it also
gives differential weight to the proportions within each experimental
group as functions of the percentage of problems solved and the trial
per problem on which the criterion run began. Further, since the ver-
balization of Hg was optional, the proportion of problems on which it

was offered differed across experimental groups. wag more likely to

)
be observed in third-grade data than eighth-grade data (81% vs 627 of
the problems). In addition, when Ho was verbalized, there was a ten-
dency for children in both age groups to shift to a new hypothesis
following positive feedback on Trial 1., This shift eccurred on 23% of
the third-grade and 26% of the eighth-grade problems in which Trial 1
feedback was positive. Therefore, another measure of the effects of
positive feedback excluding both criterion run data and Ho data was
computed. The results of the 2 x 2 x 2 analysis of variance performed
on these data reinforced the effects found when all data were included
in the analysis. Again, only age (F(1,184)=11.8) and information (F=7.8)
main effects were significant. But, 4n this analysis, the age x cue
interaction was also significant (¥=3.9) and the cue x information
interaction approached significance (F=2.7, p .107p 7,05).. The only
comparison that reached statistical significance with the Tukey b test

was in the eighth-grade between {nformation levels when a cue was pro-~

vided (Four-Dimension-Cue vs Eight-Dimension-Cue). Figure 1 presents a
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comparison of the probabilities obtained when all data were included and
when only data subsequent to Trial 1 through criterion were included.

The probabilities in the second measure present a clearer picture of the
differential effects of the cue list as a function of age and information.
The third-grade children were more likely to retain an hypothesis follow-
ing positive feedback when a cue was provided, particularly with four-
dimensional stimuli. In contrast, the provision of a cue did not affect
the tendency of eighth-grade children, exposed to four-dimensional stimu-
11, to ret=iu an hypothesis following positive feedback. It did, how-
ever, decrease the probability that these children retained an hypothe-
gis following positive feedback when the stimuli included irreievant in-
formation. Thus the eighth-grade children were more likely than the
third-grade children to retain an hypothesis following positive feedback in
all conditions except Eight-Dimension-Cue,

But shifting from an hypothesis is not necessarily an erroneous
response to pesitive feedback. It may be a different method of testing
hypotheses (i.e.,test 'black', hold it in abeyance, test ‘square; given
negative feedback, retest 'black'}. Both Bruner et al.(1956) and Kemler
(1972) have reported similar hypothesis sampling patterns with different
kinds of problems. In the present study, children in both age groups
not only showed a tendency to shift hypotheses following Trial 1 posi-
tive feedback but also foliowing Trial 2 positive feedback (shift from
first to second hypothesis~ H; to Hz). Data on hypothesis shift follow-
ing Trial 2 are included in both of the preceding analyses. Table &4
column 1 shows the proportion of all shifts subsequent to first feedback
that immediately followed Trial 2 feedback and were totally consistent with all

previous feedback (globally consistent). In each condition, a larger pro-



Table &4

Proportion of Hypothesis Shifts Following Positive Feedback
that Immediatély Followed Trial 2 Feedback and were Globally Consistent

Proportion Proportion 3
Group of all shifts of Hl shifts ?b

Third grade

Four-Dimension- No-Cue .104 438 2.81

Four-Dimension- Cue .194 .700 6.34%

Eight-Dimension- No-Cue .092 429 2,33

Eight-Dimension ~Cue .036 .222 0.02
Total .098

Eighth grade

Four-Dimension - No-Cue .438 .778 7.41%
Four-Dimension - Cue .600 .750 8.96%
Eight-Dimension - No-Cue .267 .800 8.82%
Eight-Dimension -Cue .298 .667 11.76%

Total .352




portion of eighth-grade than third-grade shifts fell into this category.
In both age groups, the largest proportion of globally consistent
shifts immediately following Trial 2 feedback were observed in.the Four-
Dimension-Cue condition.

Column 2 shows the proportion of the shifts following Trial 2 po-
sitive feedback that were globally consistent. Since a shift may be
made to seven possible hypotheses (three locally consistent and four not
locally consistent with Trial 2 feedback) and only one of these is con-
sistent with both previous feedbacks, the probability that each of these
proportions deviated from chance was tested by @6&(chi square) using the
Yates correction for discontinuity.

Column 3 indicates that in each eighth-grade group, the proportion of
such shifts that were glcbally consistent exceeded chance expectation.
For the third-grade groups, this was only true in the Four-Dimension-
Cue condition. Thus, it may be that the majority of eighth-grade shifts
following Trial 2 are part of a systematic sequence of hypetheses samp-
ling. Comparative third grade procedures were only observed when the
stimuli contained no irrelevant dimensions and a cue list was provided
(Four-~Dimension-Cue),

There is another situation in which shifting hypotheses following
positive feedback may be systematic. If, following positive feedback,
the subject shifts to the solution hypothesis subsequent to Trial 4, and
holds this hypothesis through criterion, the shift may represent a sud-
den recognition of the solution to the problem. In this case, the shift
is also to the hypothesis consistent with all previous feedback. Shifts
of this kind were, like those described above, more likely to be observed

among eighth-graders than third-graders (over all conditions; eighth-grade,



25%, third-grade, 157). Table 5, column 1 presents these data while
column 2 shows the total proportion of all shifts that were consistent
with all previous feedback (either shifts at Hy or to solution). Over
all conditions more than twice as many eighth-grade than third-grade
shifts were globally consistent (eighth-grade 487, third-grade 217).

The probability of retaining an hypothesis following negative
feedback: Shifting from an hypothesis following positive feedback may
or may not represent an hypothesis testing error, but retaining an hy-
pothesis following negative feedback (P(Hj=H;_; *Fin-) always does, as the
verbalized hypothasis always appeared in the stimulus choice that received
negative feedback on such trials. The propensity to retain an hypothesis fol-
lowing negative feedback was investigated by examining consecutive pairs
of hypotheses of each problem in which the intervening feedback was
negative., A 2 x 2 x 2 analysis of variance revealed that age was the
only significant main effect (F(1,184)=12.19) and there were no signifi-
cant interactions,

As Table 6 indicates, the probability of maintaining a disconfirmed
hypothesis was extremely small for eighth-grade children (less than .02 in
any condition). Although the probability of committing this error was greater
in the third-grade groups, children in this age group alsp showed a very
small probability of maintaining disconfirmed hypotheses (.02 to .05).

The probability of generating a locally consistent hypothesis

following negative feedback: When a choice response is followed by nega-

tive feadback, the child is given the information that none of the hy-
potheses in that configuration is the solution. Thus sampling any hy-
pothesis from that configuration represents an inefficient mode of pro-

cessing. Any hypothesis in the contrasting stimulus configuration is,



Table 5

Proportion of Hypothesis Shifts that were Globally Consistent

Group

Proportion Shifts
Following Trial 4
to Solution

Total Proportion Shifts
Globally Consistent

Third grade

Four-Dimengion-No-Cue
Four-Dimension-Cue
Eight -Dimension-No-Cue
Eight-Dimension-Cue

Total

Eighth grade

Four~Dimension-No-Cue
Four-Dimension-Cue
Eight~Dimension-No-Cue
Eight-Dimension-Cue

Total

137
.201
.137
.149

154

.143
.333
.150
.346

.250

.209
.361
.200
.161
.219

.500
.667
.367
489
481




Table 6

Probability of Maintaining a Disconfirmed

Condition

Four-Dimension-No-Cue
Four-Dimension-Cue

Eight-Dimension-No-Cue

Hypothesis for Each Experimental Group
Third Eighth
.051 .007
.022 .002
.026 017
.040 .010

Eight-Dimension-Cue




of course, consistent with the information given on that trial. Samp-
ling a new hypothesis from the latter configuration is an indication of
locally consistent sampling. This type of hypothesis testing efficiency
was examined by computing the proportion of hypotheses per subject that

were consistent with the preceding positive stimulus configuration following

negative feedback. The results of a 2 x 2 x-2 analysis of variance showed
significant main effects of age (F(1,184)=30.2) and information (F=21.6).
Although the eighth-grade children showed a larger proportion of locally
consistent hypotheses within each condition, the only age differences
that were significant using the Tukey b method were in the Four-Dimen-
sion conditions (Cue and No-Cue). This method also revealed that the
information main effects were primarily a function of the effect of ir-
relevant information on the functioning of eighth-grade children. The
only significant information differences occurred between the eighth-
grade groups, both with and without a cue (Four-Dimension-No-Cue vs
Eight-Dimension-No-Cue and Four-Dimension-Cue vs Eight-Dimension-Cug).

As Figure 2 reveals, the production of locally consistent hypotheses by
eighth-grade children was sharply curtailed by the presence of irrelevant
information whether or not a cue listing the relevant hypotheses was pro-
vided. On the other hand, there was not much difference in the preduc-
tion of locally consistent hypotheses by third-grade chiidren regardless
of whether irrelevant information was included in the stimulus complex.
Although the third-grade children showed most local consistency in the
Four-Dimension-Cue condition and least in the Eight-Dimension-Cue con-
dition, the difference between the two groups did not reach statistical
significance. Overall, children in both age groups were highly likely
to generate locally consistent hypotheses regardless of experimental

condition,
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The probability of manifesting a previously discenfirmed hypothe-

8is: Another indication of hypothesis testing efficiency is evidenced
when a new hypothesis is verbalized., It is, of course, very inefficient
to retegst (verbalize) an hypothesis that has been previously tried and
disconfirmed. Retesting a previously disconfirmed hypothesis necessari-
ly delays reaching solution. It is also likely that retesting a d&scon-
firmed hypothesis represents some memory loss. For each problem, the
proportion of disconfirmed hypotheses (i.e., hypotheses that had previous-
ly been manifested with ensuing choices receiving negative feedback) to
new hypotheses (either following negative feedback or a shift following
positive feedback) was computed. A 2 x 2 x 2 analysis of variance re-
vealed significant effects of age (F(1,184)=44.3) and cue (F=4.5)., The
information effect approached significance (F=2.9, p .10¢ p ¢ .05) but
none of the interactions did. Only the age comparisons in the Four-
Dimension-No-Cue and Eight-Dimension-Cue conditions showed significant
differences using the Tukey b methed. TFigure 3 presents these data for
each group. Providing a cue with stimuii that included only relevant di-
mensions reduced the proportion of manifegsted hypotheses that had been
previously disconfirmed among the third-grade children, whereas it had
little effect on the eighth graders. Therefore, the age difference was
only significant when no cue list was provided with four-dimensional
stimuli. When irrelevant information was included in the configuration
the eighth-grade children, but not the third-grade children, produced a
larger proportion of previously disconfirmed hypotheses than they had
vhen the configuration contained no irrelevant information. Consequently
the mean difference between the age groups in this condition was not

statistically significant. Although the provision of a cue list with
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eight-dimensional stimuli lowered the proportion of previously discon-
firmed hypotheses in both age groups, the difference between the two age
groups was significant when the cue was present. Overall, there were no
significant differences among the eighth-grade groups nor among the third-
grade groups. Under all experimental conditions, the eighth-grade chil-
dren were less likely than the third-grade children to retest an hypo-
thesis that had been previously disconfirmed.

The probability of generating an irrelevant hypothesis: An indi-

cation of hypothesis testing efficiency that is central to the purpose

of this study is the extent to which hypotheses drawn from irrelevant
dimensions were observed. Only Eight-Dimension conditions are of in-
terest here. Processing information in relation to any of the irrele-
vant hypotheses is inefficient as it necessarily delays solution. For
each subject, the proportion of verbalized irrelevant hypotheses to all’
verbalized hypotheses was computed. A 2 x 2 analysis of variance was
performed on these data. The main effects of age (F(1,92)=8.2) and cue
(F=57.5) were significant. As Figure 4 indicates, irrelevant hypothe-
sé¢s were manifested among children of both age groups regardlesas of
whether a cue list was provided. But fewer irrelevant hypotheses were
manifested by the eighth-grade children than the third-grade children

in both conditions. Also the provision of a cue list significantly re-
duced the proportion of irrelevant hypotheses manifested by children in
both age groups. Another 2 x 2 analysis of variance was performed on
the percentage of problems in these two conditions in which one or more
irrelevant hypotheses was manifested. As Figure 5 shows, the results
duplicated those obtained in the previous analysis.

It is clear from both figures that the two age groups differed
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in both the proportion of problems in which an irrelevant hypothesis
was observed and the proportion of irrelevant hypotheses gampled across
problems in both experimental conditions (Cue, No-Cue). Furthermore the
provision of & cue listing the relevant hypotheses sharply reduced both
the proportion of problems in which an irrelevant hypothesis was ob-
served and the proportion of irrelevant hypotheses sampled across prob-
lems in both age groups. Nevertheless, neither age group completely
excluded irselevant information from hypothesis sampling even when a cue
card was provided.

Hypothesis Sampling Systems: Of major interest to this study was the
manifestation, as a function of experimental condition, of the patterns
of responses identified as hypothesis sampling systems (Gholson, et al.,,
1972). The use of verbal preobes limited the possible response se-
quences that could be cbservad to those representing the three strate
egies (focusing, dimension checking and hypothesis checking), one of
the sterecotypes (stimulus preference), and the hypothesis sequences
identified as unaystematic (random).

Figure 6 presents age comparisons of the relative frequencies of
the various systems for each experimental condition. The first set of
five columns, representing the distribution when only relevant stimuli
were presented without a cue (Four-Dimension-No-Cue), shows that 45% of
third-grade response sequences were categorized as dimension checking.
Focusing and the unsystematic category were next in frequency with ap-
proximately 20% of the response sequences in each cetegory. Hypothesis
checking and stimulus preference respectively, accounted for 8% and 5%
of the sequences. In contrast, among the eighth-grade children, the
responge sequences were almost equally divided between focusing (41%)

and dimension checking (45%) with the remaining sequences falling equally
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into the hypothesis checking and unsystematic categories. The second
group of columns on that figure relate to the Four-Dimension-Cue condi-
tion. The provision of a cue list with this stimulus configuration did
not effect the proportion of third-grade focusing sequences. However,
the proportion of dimension checking sequences was increased to 56%.
There was also a slight increase in hypothesis checking (47) and a
slight decrease in stimulus preference (47%) but the major decrease was
in unsystematic patterns (107%). The cue had virtually no effect on the
eighth-grade distribution,

The third set of columns on Figure 8 refers to the distribution
of problems in the Eight-Dimensicn-No-Cue ¢onditisn in which no irre-
levant hypothesis was manifested in the first three trials. The dis-
tribution of focusing and dimension checking sequences in the third-
grade group was very similar to that of the third-grade Four-Dimension-
No-Cue group. The only changes occurred in the other three categories
where there was a 67 increase in both hypothesis checking and stimulus
preference and a 137 decrease in the unsystematic category. In this
condition, the eighth-grade children produced a smaller proportion of
dimension checking sequences (36%) than the comparable Four-Dimension-
No-Cue group and there was a slight increase in the proportion of all of
the other sequences.

Providing a cue with eight dimensional stimuli increased the pro-
portion of dimemsion checking in both age groups (third-grade; 557 vs
45%, eight-grade; 59% vs 367%) and decreased the proportion of focusing
(third-grade; 67 vs 237%, eight-grade; 23% vs 43%). In the third-,but
not eighth-grade group, there were also differences in the proportions

in the other three categories. Hypothesis checking and unsystematic



responding increased (47 amd 107 respectively) while stimulus preference
decreased (8%Z) (See Appendix G for all calculations).

These distributions suggest that the presence of irrelevant in-
formation in the stimulus configuration without the provision of a cue
list, had little effect on the production of strategies in either of the
two age groups. But such conclugsions are unwarranted as the proportions
in Figure 6 are completely interdependent and based on the number of
problems that were classifiable. There were dramatic differences in the
number of problems in each group that could be classified. As Table 7
reveals, a larger proportion of eighth-grade than third-grade problems
in each condition were classifiable, The largest proportion of eighth-
grade classifiable problems were found in the Four-Dimension-No-Cue con-
dition (867%). Providing a cue with that configuration led to a small
decrease in classifiable problems (827). Conversely, among the third-
grade groups, there was an increase in the proportion of classifiable
problems with the provision of a2 cue (747 vs 807). Thus, in the Four-
Dimension-Cue condition, the distribution includes approximstely the
same proportion of problems for both age groups. When irrelevant infor-
mation was included in the stimulus configuration, there was a sharp
drop in the number of problems that could be ciassified in both age
groups (third-grade; 40%, eighth-grade; 61%). The proportions were
higher when 2 cue was provided but they remained smaller than any of the
Four-Dimension groups (third-grade; 587%, eighth-grade; 647%). Therefore,
it is possible that the frequency distributions used in the aforemen-
tioned group comparisons do not accurately depict the effect of includ-
ing irrelevant information in the stimulus complex on the problem solv-

ing behavior of children in these two age groups.



Table 7

Proportion of Classifiable Problems for Each
Experimental Group

Condition Grade
Third Eighth
No-Irrelevant Irrelevant No Irrelevant  Irrelevant
Four-Dimension-No Cue .737 - .859
Four-Dimension-Cue .801 - .818
Eight-Dimension-No-Cue .358 .702 .609 .807
Eight-Dimension-Cue .578 . 745 .641 .708




Statistical analyses of focusing and dimension checking: 1It is

important to note that the classification of a problem ag either focus-
ing or dimension checking was based on a statistical adjustment applied
to the actual number of these patterns observed (Levine, 1975, Appendix
A). With the feedback patterns used in this study, an apparent foecusing
sequence could result from a dimension checking plan 1.

Therefore an adjustment was made on the number of focusing and dimension
checking sequences observed in each experimental group, based on the
number of problems showing a dimension checking sequence in that

group, This results in a decrease in the proportion of problems classi-

(LY

fied ar focuring and a concomitant inecreage in the proportiscn

-

lems classified as dimension checking see Appendix H for adjustment
formulae and rationale). Focusing and dimension checking accounted for
the majority of response sequences in both age groups in all conditions.
Therefore, it was of interest to statistically evaluate the gimilarities
and differences in the frequency of each of these systems among the
eight groups.

Since the proportion of each of these systems used in the fre-
quency distributions was based on adjustments made on the number of such
response sequences observed in each group, rather than the number of such
sequences manifested by each subject, it was impossible to obtain a
measure of the number of problems per child that fell into each category.
However, there is & procedure which leads to a valid evaluation of the
statistical significance of differences in the manifestation of each of

the systems observed among the various groups. Using this procedure,

1. In the -+- feedback pattern problems, adjustments include

one hypothesis checking sequence.



the 24 subjects in ecach experimental group were randomly divided into
subgroups of eight. The statfistical adjustments on focusing and
dimension checking were performed on each subgroup separately. Follow-
ing statistical adjustment, the number of problems per subgroup cate-
gorized as involving each system was treated as one cbservation. Analyses
of variance (2 x 2 x 2) were based on the three observations per exper-
imental group. These analyses were performed on the number of problems
showing focusing sequences and the number of probleme showing dimensien
checking sequences. For focusing sequences, both age (F (1, 16=34.6) and
information (F= 22.9) were significant. There were no other significant
effects. For dimension checking, both information (F=6.6) and cue
(F=12.9) were significant and the information x cue interaction approached
significance (F=3.8, p.10< p< .05J. The Tukey b procedure, which is
particularly conservative with these data as there are only 24 ob-
servations across all groups, was applied. With this method, the dif-
ference between the two age groups in the manifestation of focusing
sequences was significant in the Four-Dimension-No-Cue condition as were
the differences between the eighth-grade Four-Dimension groups (No~Cue
and Cue) and the eighth-grade Eight-Dimension-Cue group. None of the
group comparisons of dimension checking sequendes reached statistical
significance with this procedure.

Figure 7 graphically presents the mean number of focusing and
dimension checking sequences per experimental condition used in these
analygses. A comparison of third- and eighth-grade data reveals that the
older children manifested a larger number of focusing sequences than the
younger children in each condition. In both age groups, the number was
reduced when irrelevant information was included in the stimulus complex

and further reduced when a cue was provided with that configuration.
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The number of dimension checking sequences in both age groups was also
reduced when irrelevant information was included in the configuration,
However, in contrast to focusing, the provision of a cue with both the
relevant and irrelevant stimulus complex resulted in an increase in di-~
mension checking in both age groups. The near significant 1infeormation x
cue interaction on the dimension checking measure appears to be a function of the
differential effect of the cue on the manifestation of this strategy by
the two age groups when irrelevant information was included in the
stimulus complex versus when it was not. Whereas the number of dimen-
sion checking sequences increased in both age groups when a cue was pro-
vided with the relevant-irrelevant stimulus complex, a gimilar effect
wag observed in only the third-grade group when the stimuli consisted of
only relevant dimensions.

Thus, when the number of problems classified in each of these
system categories is used as hasic data rather than the proportions
dependent on the number of classifiable problems which are used in the
systems distribution, a different picture of the effects of including
irrelevant information in the stimulus complex emerges. 1In both age
groups, when irrelevant information was included in the configuration,
there was a reduction in the number of problems showing focusing and
dimension checking sequences. However, the relative occurrence of each
remained fairly stable across both Four-Dimension conditione (No-Cue and
Cue) and the Eight-Dimension-No-Cue condition; i.e;,among third-grade
groups, the mean number of dimension checking sequences was approximate-
ly double that of focusing sequences in all three conditions whereas
among eighth-grade groups, the mean number of dimension checking and
focusing sequences were approximately equal in these same conditions.
Providing a cue when irrelevant information was included in the configu-

ration resulted in a decrease in focusing and an increase in dimemsion



checking in both age groups. Thus, in the Eight-Dimension-Cue condition
the mean number of problems among the third-grade group that showed a
dimension checking sequence was approximately seven times that of the
number of problems that showed a focusing sequence. The only eighth-
grade group in which the mean number of problems showing focusing and
dimension checking sequences were not approximately equal was the Eight-
Dimension-Cue group. Here the mean number of problems showing a dimen-
sion checking sequence was more than double the number showing a focus-
ing sequence,

The distribution of Hypothesis Sampling Systems when problems

containing irrelevant hypotheses are included: In the eight dimension

conditions, a number of problems (see Table 7) showed the same kinds of
sequences of hypotheses as those included in the previous computations,
except that one or more of the first three hypotheses were values from
dimensions designated as irrelevant. If the pattern of hypotheses fol-
lows the dimension checking, hypothesis checking, stimulus preference
or unsystematic pattern, it seems reasonable to assume that the same
problem solving process underlies each specific hypothesis sequence re-
gardless of whether irrelevant information is included or excluded from
sampling., Therefore a new distribution was calculated for each of the
Eight Dimension conditions, Those problems which showed irrelevant hy-
potheses as one or more of the hypotheses following the first three
feedback trials in one of the aforementioned response patterns were
added to the appropriate category. It is, however, questionable whether
a problem in which irrelevant hypotheses following feedback trials 1, 2
or 3 are manifested can be assumed to indicate a focusing plan even if

each of the hypotheses are globally consistent and the solution hypothe-



sis is verbalized following the third feedback trial. Both the size of
the set from which the subject initially samples and the elimination
proceas following feedback are unknown. Therefore, including problems
that show such a sequence in the focusing category may be in error.
Therefore, those globally consistent sequences that showed the solution
hypothesis following the third feedback trial but also included irrele-
vant hypotheses were added to the dimension checking category.
Comparison of the hypothesis sampling distributions when problems
with irrelevant hypotheses are included and excluded are presented in
Figure 8. 1Including problems in which irrelevant values were verbalized
as hypotheses following the first three feedback trials primarily af-
fected the distribution in the Eight-Dimension-No-Cue condition. In both
age groups, the predominant change was an increase in the proportion of
problems categorized as dimemsion checking (third grade; 45% vs 61%,
eighth grade; 367 vs 507) and a decrease in the proportion of problems
categorized as focusing (third grade: 237 vs 13%, eighth grade; 437 vs
33%). It might be thought that the decrease in focusing is an artifact
of categorizing all globally consistent sequences that included irrele-
vant hypotheses as dimension checking. However, this procedure only af-
fected a small number of problems. In the Eight-Dimension~-No-Cue condi-
tions, there were three of these sequences among all third-grade prob-
lems and five among all eighth-grade problems. 1In the Eight-Dimension-
Cue condition, there was one in each age group. In contrast, a di-
mension checking pattern accounted for the majority of problems that in-
cluded irrelevant hypotheses in the H; H2 H3 gequence. As Table 8 re-
veals, when irrelevant values were sampled in the initial sequence,

this pattern was observed on 767 and 757 of the third-grade problems
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Table 8

Percentage of Problems Showing Irrelevant Hypothesis as the
First, Second or Third Hypothesis for Each Response Sequence

Global Dimension Hypothesis Stimulus

Condition Consistency Checking Checking Preference Unsystematic
Thirxrd grade
Eight-Dimension-

No=-Cue 5 76 10 0 9
Eight-Dimension-

Cue 3 75 9 6 6
Eighth grade
Eight-Dimension-

No-Cue 14 81 5 0 0
Eight-Dimension-

Cue 8 85 0 0 8

Note: Number of problems per condition

Third grade Eighth grade

Eight-Dimension-No-Cue 58 37

Eight-Dimension-Cue 32 13



before statistical adjustment in the Eight-Dimension-No-Cue and Cue con-
ditions, respectively and on 817 and 85% of the respective eighth-grade
problems,

Thus, it appears that in the Eight-Dimension-No-Cue condition,
third-grade children who excluded irrelevant hypotheses from sampling
tended to follow the same patterns they had when no irrelevant hypothe-
ses were included in the configuration (Four-Dimension-No-Cue). Under
the same circumstances, eighth~grade children showed no difference in
the manifestation of focusing plans but there was a slight decrease in
the manifestation of dimension checking plans. However, when irrelevant
hypotheses were included in the sampling set, children in both groups
tended to follow a dimension checking pattern. Thus, for both age groups,
the total distribution of categorizable problems included a larger pro-
portion of dimension checking plans and a smaller proportion of focus-
ing plans in the Eight-Dimensicn-No-Cue condition than in either of the
comparable Four-Dimension groups.

In the Eight-Dimension-Cue groups, including those problems which
showed irrelevant hypotheses sampled in the initial sequence did not
appreciably change the distribution. First of all, in both age groups,
there were fewer problems in which irrelevant hypotheses were sampled
following the first three feedback trials. Secondly, dimension checking
was the modal plan observed in the problems of children in both age
groups even when no irrelevant hypotheses were sampled following the
first three feedback trials. The third-grade groups manifested dimen-
sion checking plans in the same proportion of problems as their peers
in the Four-Dimension-Cue group and the eighth-grade children showed a

higher proportion of dimension checking plans in the Eight-Dimension-Cue



group than in any other group. Therefore, including problems in which
irrelevant hypotheses were sampled in the Eight-Dimension-Cue distribu~
tions served mainly to accentuate the relative frequencies observed when
these problems were excluded from the distribution.

Categorization of all problems: As Table 7 indicates, there were
still a number of problems that did not meet criteria for classification
in any hypothesis sampling system category (Gholson et al:,1972). An
attempt was made to modify the systems categories so that all problems
could be included in the frequency distribution. It was thought that
this inclusion might bring the age and experimental differences into
sharper focus.

The Gholson et af;(1972) systems analysis excludes from considera-
tion all problems in which an hypothesis followed by positive feedback
on Trial 2 is not maintained. Earlier it was shown that such shifts
may not always represent insengitivity to feedback. In fact, these
shifts may indicate that the child is attempting to focus: i.e., trial 1,
the positive stimulus is 'black, big, square, L', the first hypothesis is
'black’; trial 2, the positive stimulus is 'black, small, square, T', At
this point, both 'black' and 'square' have appeared in the two positive
stimuli and either could be the solution. If the subject shifts from
'black' to 'square’, receives negative feedback following his choice
response and chooses 'black' he will have reached solution as ‘black’
and 'square' appear on different stimuli on the third trial. Problems
showing this pattern were added to the focusing category after the sta-
tistical adjustment made on the observed regular focusing and dimension
checking patterns.

On the other hand, a number of problems are included in the



hypothesis sampling system adjustments as focusing which show a focusing
sequence but which actually appear to be overt exampies of 'lucky' di-
mension checking. In these problems, the third hypothesis is the lo-
gical solution but even though positive feedback follows the choice a
different hypothesis is verbalized following feedback. Since the under-
lying process assumed to be operating in foéusing is a plan of sequen-
tial elimination which leaves the subject with only the logical solution
as the third hypothesis, shifting from solution suggests the subject was
not operating wich that plan, Thus, in these data, all problems which
showed focusing sequences in which the solution was not held though
criterion were added to the dimension checking category. Thus, the di-
mension checking category includes those sequences identified by Gholson
et al. (1972) for each of the feedback patterns plus those sequences
which appear to follow a focusing plan but show ashift from solution
subsequent to the third hypothesis. These problems were included in the
statistical adjustments on dimension checking and focusing. Another
group of problems was excluded from the systems analysis that involve
shifts following Trial 2 positive feedback. These appear to follow a
dimension checking plan. Unlike the shifts in the problems placed in
the focusing category, the shift is not necessarily globally consistent
but is always locally consistent. For example, the subject receives
positive feedback for his choice of the configuration containing the
following cues; 'black', 'circle', 'dashed' and 'up'. He, then verbalizes
'black' as his hypothesis and chooses the configuration ‘'black', 'square’,
'up' and 'solid' on the second feedback trial. He then verbalizes
'square' as his second hypothesis. That hypothesis is locally consis-

tent as it appeared on the preceding positive stimulus but it is not



globally consistent as it did not appear on the first positive stimulus.
This sequence appears to follow the same pattern as the dimension check-
ing sequences included in the distribution; i.e., a series of locally
congistent hypotheses, each from a different dimension. This seems to
be a variant method of sampling dimensions and therefore problems showing
such sequences were added to the dimension checking category. Also,
in the Eight-Dimension conditions, all dimension checking and focusing
sequences that included irrelevant hypotheses were added to this cate-
gory.

The Hypothesis checking and stimulus preference categories are
comprised of the sequences identified by Gholson et al, (1972) with and
without the inclusion of irrelevant hypotheses.

The unsystematic category designated by Gholson et al, (1972) in-
cludes three different kinds of unsystematic sequences., One involves
a sampling of hypotheses which does not follow any classifiable sequen-
tial pattern. However, none of the hypotheses shows an ingensitivity te
feedback or a loss of memory for hypotheses previously verbalized and
disconfirmed during the three hypotheses sequence used for classifica-
tion (i.e.,no locally inconsistent hypotheses, no repetition of previous-~
ly disconfirmed hypotheses), Thus, if the first trial response recelves
positive feedback and negative feedback is given on the second and third
trialg, the sequence is 'black’, 'big’, 'small' or 'black', 'big’',
'white'. In the following distributions, sequences of this kind com-
prise the unsystematic category. However, two other kinds of sequences
included in Gholson's (1972) unsystematic category involve hypothesis
testing 'errors'. In these sequences, there is either insensitivity to

feedback or loss of memory for hypotheses verbalized and disconfirmed



on the preceding trials, In these cases, if the first trial response
receives positive feedback and negative feedback is given on the second
and third trial, the patterns might be variations of 'black', 'black’,
'big" or 'black', ‘big', 'black'. Sequences such as these do not, in
principle, appear to differ from a number of other sequences excluded
from systems analysis because they include locally inconsistent hypothe<
ses, Therefore, problems with unclassifiable sequences which include
the aforementioned hypothesis testing 'errors' were classified as un-
systematic error.

Within the group of problems excluded from the systems analysis
are a number of problems which include a locally inconsistent hypothesis
but appear to be gystematic. It was noted earlier that one of the errors
that led to non-solution was testing a locally inconsistent hypothesis
drawn from the solution dimension. In this study, there were a sizable
number of problems in which an apparent dimension checking sequence was
obaerved but one or more locally inconsistent hypotheses were manifested.
In this case, the sequence may reflect sensitivity to feedback but not
to stimulus information. It appears that the subject is sampling hypo-
theses dimensionally but is inattentive to or forgets which hypotheses
appeared on the last positive stimulus (i.e., were locally consistent).

In this analysis, these errors are classified as dimension checking
errors,

Thus, in Figure 9, all problems are categorized as either focus-
ing, dimension checking, hypothesis checking, stimulus preference, un-
gsystematic, dimension checking error, or unsystematic error. The fre-
quency distribution of strategies when all problems are included, mirrors

the distribution calculated by the Gholson et al.{1972) system with, of



course, smaller relative frequencies in each category. (See Appendix G
for all calculations).

The modal strategy of third-grade children in each condition was
dimension checking. In the various conditions, this system accounted
for 37% to 477 of the problems. Only a small proportion of problems in
any condition showed a focusing approach. The range was from 3% (Eight-
Dimension-Cue) to 187 (Four-Dimension-Cue), The proportion of problems
showing hypothesis checking sequences ranged from 6% (Four-Dimension-No-
Cue) to 127 (Eight-Dimension-Cue),

Taken together, strategic approaches to problem solution among
third-grade children ranged from 587 (Four-Dimension-No-Cue) to 747
(Four-Dimension-Cue) among third-grade children. Thus, the problem
solving approach of children in this age group was most efficient when
the stimulus contained no irrelevant information and a cue list was pro-
vided, The primary effect of including irrelevant information in the
stimulus was a reduction in the proportion of problems showing a focusing
approach. But, even in the Four-Dimension-Cue group, this approach was
only observed on 187 of the problems.

The eighth-grade children, on the other hand, showed the most
efficiency with four dimensional stimuli when no cue was provided. Pro-
viding a cue did not change the bimodal distribution (approximately equal
proportions of focusing and dimension checking) but it did decrease the
total strategic approaches from 847 to 78%. Both eighth-grade groups
exposed to configurations that contained irrelevant stimulus information
showed strategic approaches on 767% of the problems. In the Eight-Dimension-No-
Cue group, the primary decrease was in focusing plans which was observed on
27% of the problems in contrast to 38% of the problems in the Four-Di-

mension-No-Cue group. When the cue was provided with a configuration
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containing irrelevant cues, the proportion of focusing was further re-
duced to 217. At the same time, there was a concomitant increase in di-
mension checking (46% versus 38-40%) in the other three conditions.

In those problemeg in which a strategic approach was not evidenced,
error patterns, rather than stereotypic or unsystematic patterns, were
likely to be observed. Among the third-grade groups, error patterns
were observed in from 197 (Four-Dimension-Cue) to 327 (Eight-Dimension-
Cue) of the problems. Unsystematic error patterns were most evident in
the Four-Dimension-No-Cue condition (167) and least evident in the Four-
Dimension~Cue and Eight-Dimension-No-Cue condition (7% and 97.). Dimen-
sion checking errors were most evident when irrelevant information was
pregsent (Eight-Dimension-No-Cue 187, Eight-Dimension-Cue 20%) and there
wag little difference in the manifestation of this pattern in the Four-
Dimension conditions (No cue 13%, Cue-127).

The eighth-grade children showed few unsystematic error patterns
across conditione (37 to 6%). Dimension checking errors were least evi-
dent in the Four-Dimension-No-Cue condition (9%). There was a slight
increase with the provision of cue (12%). Including irrelevant infor-
mation in the configuration without a cue also resulted in an increase
(147 and the highest proportion was found in the group provided with a
cue with a relevant-irrelevant stimulus complex (18%).

Comparison of focusing and dimension checking problem solving
processes. It is possible to question whether focusing and dimension

checking involve completely different problem solving processes. It is
assumed (see Appendix A) that in a focusing approach, the subject utili-
zes a plan in which he initially encodes the total set of hypotheses

%hen sequentially eliminates subsets of these that are logically dis-



confirmed following each feedback trial. 1In contrast with dimension
checking it is assumed that the subject initially notes the potential
hypotheses, codes them in dimensional sets of two, and manifests only
one of them. Following each negative feedback trial, he eliminates a
dimension. When he chooses a new dimension to test, his hypothesis is
the cue on the dimension consistent with feedback given on that trial
(i.e.,is locally consistent). He is assumed to either keep track of the
dimensions previously tested and disconfirmed or of those that remain to
be tested. But a subject would appear to manifest dimension checking if
he encoded the four hypotheses on the first positive stimulus and tested
each of these sequentially until solution was achieved. This would re-
semble a focusing approach, but it involves a simpler comparative pro-
cess, Unlike the mental process of logical intersection in which subsets of
hypotheses are eliminated following each feedback trial as assumed in a
focuging plan, this plan would involve manifestation of each hypothesis
which appeared in the first positive stimulus., Rejection of a dimension
and choice of a8 new hypothesis from a dimension that has not yet been
sampled would take place, of course, following only negative feedback
trials. If dimension checking did involve a long range plan of this
type in which first trial information was retained, second and third hy-
potheses in problems categorized as involving dimension checking would
always be cues included in the stimulus that was positive on the first
feedback trial. In fact, the contrary was the case: In problems cate-
gorized as dimension checking in the systems analysis approximately 65%
of all second and third hypotheses were inconsistent with feedback in-
formation on the first trial (See Appendix I for figures).

Related evidence is found by examination of the relationship



between the third hypothesis and feedback information from the second
trial., Here, in approximately 457 of problems showing a dimension check-
ing approach, the third hypothesis was inconsistent with second trisl
feedback information., Thus, it does not appear that dimension checking
involves mueh retention of specific stimulus information from previous
feedback trials. It is clearly not the case that retention of first
trial information is an integral part of the dimension checking system.
The evidence indicates then, that a dimension checking approach does not
involve a plan similar to focusing.

Dimension checking solution: A dimension checking strategy is
classified on ¢the basis of hypotheses manifested during the first three
trials. At that point, either two or three dimensions (depending on
feedback condition) have been overtly sampled. It is of interest to
ascertain if those problems that are begun with a dimension checking
plan are solved without deviation from that plan. That 1s, the subject
solves the problem manifesting only one hypothesis per dimension, with-
out repeating previously disconfirmed hypotheses and without testing
locally inconsistent hypotheses. Figure 10 presents the proportion of
problems clagssified unambiguously as involving dimension checking that
were solved dimensionally without any of the aforementioned errors in
each experimental condition.

It may be seen that the eighth-grade children solved dimension-
ally more of the four dimension problems begun with this plan that did
the third-grade children. Although the eighth-grade children were no
more likely to use a dimension checking plan when a cue was provided
with this configuration than when it was not (See Note, Figure 10), they

were somewhat more likely to successfully carry this plan to conclusion



without error when the cue card was provided (59% vs 69%). While the
third-grade children were more likely to use a dimension checking plan
when a cue was provided, there was little increase in the likelihood of
these children reaching solution without error with that plan (40% to
437%).

A larger number of dimension checking plans were observed among
both age groups when irrelevant information was included in the stimulus
complex than when it was not (see note, Figure 10)., However, among both
age groups, a smaller proportion of these were solved dimensionally and
there was no difference as a function of age (24%). Although providing
a cue list with this configuration resulted in a larger proportion of
successful completions in both age groups, there was no difference as a
function of age (467.). However, whereas among third-grade groups this
represented a slightly higher ratio of dimension checking solution to
dimension checking approach than had been evidenced in the Four-Dimen-
sion conditions, the proportion observed in this eighth-grade group re-
mained below that of the eighth-grade Four-Dimension groups.

A note of warning should be attached to interpretation based on
the preceding data, The baseline reflects only problems in which a2 di-
mension checking approach was observed. Recall that this only repr=sents
a portion of those problems categorized as dimension checking. Theoreti-
cally, it is assumed that a specified (according to féedback pattern)
proportion of globally consistent sequences result from 'lucky' dimension
checking plans but the solution hypothesis is drawm from the second or
third dimension sampled. Therefore the baseline used in these calcula-
tions refers to a smaller proportion of problems in each group than were

actually categorized as dimension checking. Moreover, the proportion of
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problems used as the baseline differed among subjects and no statistical
analysis was appropriate. Thus, the preceding analysis must be con-
sidered a rough but conservative estimate of the proportion of problems
solved without error using the dimension checking plan.

Effects of feedback pattern: Levine (1966) has shown that among
adults global consistency is an increasing function of the number of
positive feedbacks prior to negative feedback on the third trial. In
- this study, two problems presented each child yielded two such positive
feedback trials (++-), two problems yielded two negative feedback trials
(---) and four of each subject's problems consisted of one negative and
one positive feedback trial preceding negative feedback on the third
trial (+--, -+-). Since preliminary inspection of the data suggested
that the effect observed in Levine's adults was also present in the
protocols of subjects in these two age groups the proportion of globally
congistent sequences under each feedback pattern was calculated for each
experimental group. As Figure 11 indicates, among children of both ages,
the largest proportion of globally consistent hypothesis sequences was
observed in respense to the ++- feedback pattern (eighth - 557, third
34%) and the lowesat in response to the --- feedback pattern (eighth -
297%, third - 162). Further, the mixed feedback patterns (-+-, +--) in
each case were intermediate., (See Appendix J for the percentages per

experimental group).
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Recall that in this study, a statistical adjustment was made on
those problems wvhich showed & globally consistent hypothesis sequence
in order to eliminate the possibility of misinterpreting 'lucky' dimen-
sion checking plans as exemplars of a focusing approach. The adjust-
ment was made separately for each feedback pattern (Levine, 1975, Appen-
dix A). Thus it was possible to calculate for each of the three ran-
domized subgroups in each experimental condition the proportion of fo-
cusing problems per feedback pattern. Using these figures, a series
of 2 x 2 x 2 (Age x Information x Cue) analyses of variance were per-
formed on the differences between each feedback pattern and the mean
of the other three groups (e.g., ++-/means ---, =+-, +-- and ++-/=--=),
None of the results of the five possible comparisons was significant.
Hovicver, as Table 9 indicates, standard tests for the grand mean over
all conditions and both ages (Mood, 1950) revealed statistically sig-
nificant differences between ++- and ---, +4+- and means for the other
three feedback patterns and --- and means for the other three
feedback patterna. Thus, significantly more focusing patterns
were observed in response to ++- feedback than to any other feed-
back and significantly fewer focusing patterns were observed in response
to --- feedback than to any other feedback pattern. This indicates that
the use of a focusing strategy is, at least, partially a function of the

particular feedback pattern. It appears that Levine'a conclusion in re-

gard to adult problem solving behavior also holds for problem solving

behavior of third- and eighth-grade children.



Table 9

Standard Test for the Grand Mean Results for Differences
in Focusing as a Function of Feedback Pattern

Differences F

e X e, Feem, —a- 10.11%
mmm X e, mhe, te- 12.79*
4a- X e, —te, -e- .70
te X e, tee, --- .26
T 18.89%

*P{.05



Verbalization of Probliem Solving Techniques
Fellowing the last problem, each child was asked "How did you fig-

ure out the answers to these problems?" The responses were coded first
into 36 categories based on the procedures the children stated they had
followed., These categories were then reduced to 14 in relation to the
underlying theme expressed (e.g., elimination of hypotheses, memorization
of specific stimulus information, attention to feedback information, etc.).

It is assumed that these verbal reports are only a gross indica-
tion of the problem solving techniques used by the children: that they
represent only the most salient aspect of the procedure, rather than the
actual or complete procedure followed, and that language facility dif-
fered between the two age groups. Thus, the verbalizations of the older
children were expected to be more explicit. (The frequency count for
each category and an exemplar of each may be found in Appendix K.)

The foellowing is a summary of the most striking thematic differ-
enceg verbalized in the two age groupe. 45 eighth-grade children and
2 third-grade children expressed some variation of the notion of elimi-
nating hypotheses; 30 of these 45 eighth-grade children but neither of
the 2 third-grade children stated that elimination was based on the na-
ture of the feedback sequence on each trial begiﬁning with the first.
Eighth-grade children also more frequently expressed the idea that memory
was a factor. Some mention of memory was made by 33 third-grade children
and 69 eighth-grade children. Of these, 12 third-grade children and 43
eighth-grade children specifically mentioned attempting to retain
first trial positive stimulus information. Nine eighth-grade

children and no third-grade children specifically mentioned checking

dimensions.



On the other hand, third-grade children outnumbered eighth-grade
children in stating that their attention was directed to positive stimu-
lus information (20 third-graders, 10 eighth-graders). Third-grade
children were also more likely to indicate that their technique consis-
ted solely of changing hypotheses based on feedback. Explanations which
involved sampling hypotheses only, were given by 10 third-grade children
and two eighth-grade children. Fourteen third-grade children, but no
eighth-graders, failed to provide any explanation.

In those conditions in which a cue was provided, 15 third-
grade children and 7 eighth-grade children mentioned using the cue
list. Of these, 7 third-grade and 3 eighth-grade children ver-
balized this as the only technique used. In the Eight-Dimension-No-Cue
condition, 13 third-grade children and 7 eighth-grade chil-
dren mentioned attempting to remember the relevant set of hypotheses,

Of these, 9 third-grade children but no eighth-grade children gave
this as the sole explanation of their procedure.

The previously mentioned unreliability of post experimental reports limit
the significance that may be attached to these age differences. Never-
theless, it is interesting that eighth-grade children were more likely
to verbalize sequential processing of information whereas third-grade
children were more likely to stress attention to individusl pieces of
information (i.e.,specific feedback and type of stimulus information.)
Summary and €oncluding Discussion:

In all experimental conditions, children of both age groups were
more likely to use efficient hypotheses sampling techniques than not use

them. When a choice response received positive feedback, an hypothesis



was retained 93% to 987 of the time. When a choice reaponse received
negative feedback, the previous hypothesis was retained only 1% to 5%

of the time, Following negative feedback, hypotheses were consistent
with feedback (i.e.,locally consistent) 797% to 93% of the time. When a
child changed an hypothesis, the hypothesis verbalized was one which had
previously been sampled and disconfirmed only 67 to 217% of the time,

When irrelevant hypotheses were available for sampling, they were sampled
during 117 to 597 of the problems and 47 to 287 of the trials,

Children in both age groups were also more likely to show effi-
cient sequential approaches to problem solution than to show unsystema-
tic or error sequences. Across the various conditions, strategic prob-
lem solving apprecaches were evidenced during 597 to 847 of the problems.
Dimension checking plans were completed without error on 24% to 697 of the
problemg showing that plan. Between 53% and 94% of all problems were solved,

Similar types of errors were shown by children in both age groups.
Failure to sample the solution dimension was the most common error in unw
solved problems., Between 4 to 65 problems per condition showed this type
of error. Children in the two age groups also reacted similarly to the
various feedback sequences. Problems which were characterized by positive
feedback on the first two trials were most likely to show a focusing ap-
proach whereas problems initiated by two negative feedbacks were least
likely to show thisa apprecach.

Despite the similarities in performances among children of the
two age groups, there was a significant main effect of age on all mea-
sures of hypothesis testing efficiency., Eighth-grade children were more
likely than third-grade children to retain an hypothesis following posi-

tive feedback and less likely to retain an hypothesis following negative



feedback. Following negative feedback, they were more likely te sample
a locally consistent hypothesis and when they changed hypotheses, the
new hypotheses was less likely to have been previously sampled and dis-
confirmed, Similarly, when irrelevant information was included in the
stimulus complex, the eighth-grade children sampled fewer irrelevant
hypotheses during fewer preblems.

The older children also showed strategic approaches during a
greater proportion of problems than the younger children. They showed
fewer unsystematic hypothesis sequences, fewer error sequenceg and few-
er stereotypic sequences. The proportion of problems showing the most
efficient strategic approach, focusing, was significantly greater smong
the eighth-grade children. In addition the eighth-grade children solved
significantly more problems than third-grade children.

The difference between the two age groups was most pronounced in
the Four-Dimension-No-Cue condition. All age comparisons involving
simple hypothesis testing measures yielded significant differences with-
in this condition.

The older children showed a bimodal approach with an equal dis-
tribution of focusing and dimension checking, while the third-graders
showed little focusing and dimension checking in a little less than half
of the problems. Moreover, the older children completed more dimension
checking plans without error than the younger. They also solved a sig-
nificantly larger number of problems.

Providing a memory aid in the form of a cue listing the relevant
hypotheses only minimally affected the functioning of eighth-grade chil-

dren. There was no significant difference in hypothesis testing effi-



ciency or in the proportion of problems solved as a function of the cue.
In each condition the distribution was bimodal with the highest propor-
tions equally divided between the focusing and dimengion checking cate-
gories.

The includion of irrelevant information in the stimulus configu-
ration did interfere with the problem solving efficiency of eighth-grade
children. Although they sampled many more relevant hypotheses than ir-
relevant hypotheses, they did sample irrelevant hypotheses. In compari-
son to their peers in the Four-Dimension-No-Cue group, eighth-grade chil-~
dren in the Eight-Dimenaion-No-Cue group showed less efficiency on all
meagsures of simple hypothesis testing efficiency, but only the local con-
gistency comparison reached statistical significance. The children ex-
posed to stimulus configurations containing irrelevant information also
solved fewer problems.

In comparison to their peers exposed to only relevant information
(eighth-grade Four-Dimension-No-Cue) the eighth-grade group exposed to
a gtimulus complex containing irrelevant information (Eight-Dimension-
No-Cue) showed a strategic approach on fewer problems. The increase in
non-strategic approaches was primarily in the dimension checking error
category. On those problems which showed no irrelevant hypotheses fol-
lowing the three initial feedback trials, the proportion of focusing se-
quences was equal to that in the comparable Four-Dimension-No-Cue group
but the proportion of dimension checking sequences was lower. The modal
sequence observed on those problems in which irrelevant hypotheses were

sampled was dimension checking. There were, however, fewer dimension



checking plans successfully concluded when irrelevant information was
present than when it was not.

The primary purpose of providing a cue list with the relevant-ir-
releyant stimulus complex was to exclude the necessity of retaining in
memory the set of hypotheses relevant to solution of a particular prob-
lem, The finding that eighth-grade children showed fewer irrelevant
hypotheses on fewer problems when the cue was present suggests that the
cue served its purpose. However, some interference in problem solving
efficiency is attested to by the finding that the eighth-grade children
in the Eight-Dimension-Cue group were less likely to retain an hypothesis
following positive feedback than their peers in any other conditien. In addi-
tion, local consistency did not significantly improve with the provision
of a cue list and remained lower than that observed in either of the
eighth-grade Four-Dimension groups. However, the eighth-grade children
in the Eight-Dimension-Cue condition did solve significantly more prob-
lems than those in the Eight-Dimension~N¢-Cue group, while there was no
significant difference between the proportion solved by the Eight-~Dimen-
sion-Cue group and the two Four-Dimension groups.

The proportion of strategic approaches evidenced in the eighth-
grade Eight-~Dimension~Cue group was on a par with that of the eighth-
grade Four-Dimension-Cue &nd Eight-Dimension-No-Cue groups. However,
regardless of whether irrelevant hypotheses were sampled, eighth-grade
children exposed to a stimulus complex containing irrelevant information
and provided with a cue liist showed less focusing and more dimension
checking than any other eighth-grade group. The predominant non-strate-
gic pattern evidenced in this group involved the dimension checking

error category which accounted for a larger proportion of problems in



this eighth-grade group than any other. Further, the proportion of peob-
lems showing a dimension checking plan successfully concluded remained
below that of the two eighth-grade Four-Dimension groups.

In contrast to its effect on eighth-grade children, providing a
cue list with stimuli containing only relevant information (Four-dimen-
sion) {mproved third-grade performance in most respects. Although none
of the differences between the twe third-grade groups on simple hypothe-
8is testing measures reached significance, they were all in favor of in-
creaged efficiency with the provision of a cue 1ist. Moreover, the dif-
ference between the two age groups in retaining an hypothesis following
positive feedback and testing hypotheses previously sampled and discon-
firmed was not significant in this condition. In additioen, the third-
grade children provided with & cue with a four dimensional configuration
solved significantly more problems than their peers exposed to the iden-
tical stimuli witheut the cue list.

Third-grade children in the Feur-Dimension-Cue group were also
more likely to show a strategic approach to problem solution than third-
grade children in the Four-Dimensien-No-Cue group. Dimension checking
wag the modal strategy of third-grade children exposed to four-dimensional
stimuli with and without a cue. However, the provision of a cue resulted
in an increase in the proportion of problems in this category, while it
had little effect on the manifestation of the other two strategies. The
cue 1ligt also resulted in fewer stereotypic sequences and unsystematic
sequences.

When irrelevant information was included in the stimulus complex,

third-grade children like eighth-grade children sampled mostly relevant



hypotheses. However, there were mors problems showing irrelevent hypo-
theses than problems on which no irrelevant hypothesis was manifeeted.
On all other measures of simple hypothesis testing efficiency, third-
graders’ performances in the Eight-Dimension-No-Cue condition was very
similar to their peer's performances in the Four-Dimension-No-Cue con-
dition., However, children in thig age group exposed to a stimulus com-
plex containing irrelevant information solved fewer problems than their
peers exposed to only relevant information.

On those problems in which no irrelevant hypotheses ware sampled
on the first three trials, there was no difference between the third-
grade Four-Dimension-No-Cue and Eight-Dimension-No-Cue groups either
in the proportion of focusing eor dimension checking. When all problems
are considered, the third-grade Eight-Dimension~No-Cue group showed a
larger proportion of strategic appreaches than their peers in the Four-
Dimeneion-No-Cue greup. The increase was primarily in the dimensisn
checking category which accounted for the majority of sequences that in-
cluded irrelevant hypotheses, Of the non-strategic approaches, unsystem-
atic sequences, with and without error were reduced while dimension
checking error increased. Deapite the increase in dimension checking
approaches, there was a decrease in the proportion of problems on which
this plan was successfully concluded in the Eight-Dimension-No-Cue group.

The provision of a cue with the stimulus containing irrelevant in-
formation algo resulted in third-grade children gsempling fewer irrelevant
hypotheses than they did whem no cue list was provided. However, there were
no differences on any of the measures of hypothesis testing efficiency as
a function of providing a cue with this configuration. There was also

no significant difference on the probability of solving a problem due to the



presence of a cue liat, Moreover the third-grade children provided
with a cue with a relevant-irrelevant stimulus complex solved signifi-
cantly fewer problems than their peers provided with a cue with stimuli
that contained no irrelevant information,

When the distribution included only those problems in which no
irrelevant hypotheses are manifested during the first three trials, the
proportion of dimension checking sequences was greater with cue list pro-
vision than without and equal to that observed in the Four-Dimension-
Cue group. The proportion of focusing was, however, lower than that in
either of the two comparable conditions. Overall, third-grade children
exposed to irrelevant information with a cue list showed fewer strategic
approaches than their peers exposed to only relevant information with a
cue. The primary reduction was in the proportion of focusing sequences.
Thus, among the third-grade children the provision of a cue with the
relevant-irrelevant configuration did net have the game salutary ef-
fect on problem solving efficiency it had when only relevant information
was included in the configuration. Children in this age group showed
less efficient methods of reaching solution with the cue than without,
with no significant increase in the probability of reaching solution.

In contrast, providing the cue with only relevant information resulted in
both an increase in strategic approaches and a greater probability of

solution,



Discussion

It seems reasonable to begin with an evaluation of the effects of
using a verbal probe in this paradigm. Traditionally, blank-trial probes
have been used to infer the individual hypotheses manifested in the course
of solving four-dimensional concept identification problems (Eimas, 1969,
1970; Gholson et al., 1972, 1973; Gholson & McConville, 1974; Ingalls
& Dickerson, 1969). Two studies have compared the relative effects of
these two methods. Karpf and Levine (1971) with college student subjects
and Phillips and Levine (1975) with second- and sixth-grade children.

It is difficult to make precise comparisons between the results
obtained in this study using a verbal probe and the previous studies that
used either blank-trial or verbal probes. In the first place, third-grade
children were not included as subjects in any of the others and eight-grade
children were included only in the Ingalle and Dickerson (blank-trial probe)
gtudy. Second, not all measures analyzed in this study are comparable
to those of previous studies., A few comparisons with the Four-Dimension-
No-Cue groups are possible, however, and are presented below.

In relation to hypothesis testing efficiency, the probability of
maintaining an hypothesis following positive feedback was measured by
Gholson et al.( 1972, 1973), Ghalson and Danziger (1975), Ingalls and
Pickerson (1969) and Karpf and Levine (1971). The probabilities eof .93
for third-grade children and .98 for eighth-grade children obtained in
this study are in the range obtained in the aforementioned studies re-
gardless of probe technique. An examination of the data suggests that
although there may be small age differences within given studies, values
range above .90 ampng subjects between second-grade and adult. This con-

clusion is further supported by examination of the data obtained from a



more conservative measure of hypothesis retention following positive
feedback; 1.e:;1nc1uding only trials prior to the criterion run. These
data were reported by Phillips and Levine (1975). They reported no probe
effect with either age group. The probability obtained in the present
study (.85) for third-grade children was slightly lower than either of
Phillips second-grade groups (.87ﬂ89):whereas the probability for eighth-
grade children in this study (.95) was slightly higher than either of
Phillips' sixth-grade groups (.92).

There are also data from a number of previous studies which per-
mit ¢comparisons of the probabilities of retaining disconfirmed hypothe-
gses, Under standard conditions,using blank-trial probes, the range of
probabilities for second- and fourth-grade children was .08 to .13
Gholson et a];,1972; Gholson & Danziger, 1975; Phillips, 1974), With
verbal probes, Phillips second-grade children showed a probability of
.06 while the probability for third-grade children in the presentvatudy
was .05, The probabilities for gixth-grade, eighth-grade and adult sub-
jects with blank-trial probes range from .0l to .07 (Gholson et al., 1972,
1973; Ingalls & Dickerson, 1969; Karpf & Levine, 1971). The compar-
able probabilities for verbal probe groups were .02 for both Phillips and
Levine's sixth-grade group and Karpf and Levine's adults and .01 for
eighth-grade children of the present study. It appears, then, that verbal
probes slightly improve performeance in the early elementary school
years. This may be related to the tendency among some younger children
to hold one hypothesis regardless of feedback (stimulus preference).
Phillips and Levine (1975) found that this tendency was reduced in second-
grade children when a verbal probe was used. The small difference among

older children may be a consequence of variations in overall procedure.



The probability of manifesting locally consistent hypotheses has
also been examined in previous research (Gholson et al., 1972, 1973;
Gholson & Danziger, 1975; Phillips & Levine, 1975). These probabili-
ties ranged from .74 to .89 among second- and fourth-grade children un-
der the two probe techniques. The probability was .82 for the third-
grade children in the present study, which is about midway within that
range. The probabilities for sixth-grade children ranged from .87 to
.94, The probability for eighth-grade children in this study (.93) is
within that range but glightly below that of adults with blank trial
probes (.96). Thus, these probabilities do not appear to vary as a
function of probe technique,

Another measure of hypothesis testing efficiency for which there
are comparable data is the percentage of feedback trial responses that
are consistent with the preceding hypothesis. With blank-trial probes,
this type of response consistency for second- to sixth-grade children
ranges from 90% to 937 (Gholdon & Danziger, 1975, Phillips & Leving,
1975). The range for eighth-grade children and adults was 95% to 97%
(Ingalls & . Dickerson, 1969; Karpf &. Levine, 1971)., With a verbal
probe, comparable percentages were 98 for second-grade children and 99
for sixth-grade children and adults (Karpf & Levine, 1971, Phillips
& TLevine, 1975). In the present study, both age groups were 100% re-
sponse consistent. It is to be noted that there is no time lapse be-
tween manifestation (verbalization) of an hypothesis and response choice
when the verbal probe technique is used. In both the Phillips study and
the present one, children were trained to state verbally their hypothe-
ses in the presence of the stimulus configuration but prior to the choice

response, Therefore, choosing a configuration inconsistent with the



verbally stated hypothesis could apparently result only from either an
‘oops' error (Levine, 1966) or a misunderstanding of the relations be-
tween the manifested hypothesis and the vigual stimulug array. The high
percentage of response consistency shown with both probe techniques(at least
907%) suggests that by second-grade, children understand the relationship
between the manifested hypothesis and the succeeding feedback trial
choice. The nearly perfect response consistency found with the verbal
probe at all ages suggests there may be less probability of an 'oops'
error with this probe, With blank-trial probes, four different stimu-

lug configurations (i.e,, four trials) are used te infer an hypothesis.

A response ig congistent if the choice on the fifth trial (a feedback
trial) is consistent with the hypothesis inferred from the previous four
(blank-trial) choice responses. Thus, the complex procedure in the blank-
trial probe task may lead to more ‘oops’ errors.

It appears, then, that the hypothesis testing behaviors of second-
grade children through adults show little effect of the particular probe
technique. With either blank-trial or verbal probes, the manifested be-~
haviors appear to reflect similar underlying processes,

The proportion of response sequences in each hypothesis sampling
system category has been reported by Gholsen et al, (1972, 1973) and
Gholson and Danziger (1975) for second~-, fourth-, sixth~ grade and adult
subjects using blank-trial probes. Phillips and Levine (1975) have com-
pared the performance of second- and sixth-grade children under blank-
trial: and verbal probe conditions., The Gholson studies have consistently
found no age differences in four dimensional problems in the frequencies
of occurrence of each system within the elementary school groups., Di-

mention checking was the modal strategy of second-, fourth-, and sixth-



grade children, accounting for 507 to 607 of the problems in the distri-
butions., The proportion of problems categorized as focusing did not ex-
ceed 157 in any of these age groups. Both of Phillips' second-grade
groups showed a comparable proportion of problems in the focusing cate~
gory in the first segsion of her study (eight problems). Her Blank Trial
Probe group showed a somewhat smaller proportion of problems in the di-~
mension checking category (367%) whereas the Verbal Probe group showed a
slightly higher proportion (68%). However, both sixth-grade groups in
the Phillips & Levine study showed a considerably larger proportion of
focusing sequences than the Gholson et al.sixth-grade groups. 1In the
biank-trial probe group, 327 of the probiems were categorized as involv-
ing focusing and 567 involved dimengsion checking. 1In the verbal probe
group, 40% of sixth-grade children's problems invelved focusing and 457,
dimension checking. These latter findings were comparable to adult data
obtained from blank-trial probes (focusing 45% to 507, dimension checking
45% to 50%). This would suggest that sixth-grade children’s performances
under verbal probe conditions are closer to adult performances than
sixth~grade children's performance under blank-trial probe

conditions. However, Phillips' sixth-grade blank-trial probe group al-
so showed a larger proportion of focusing sequences than was evidenced

in the Gholson sixth-grade groups. Therefore, it is difficult to deter-
mine the extent to which the verbal probe facilitated the functioning of
sixth-grade children in the Phillips' study. The proportion of focusing
among third-grade children in the present study (20%.) was higher than
that observed among the Gholson et al.elementary school groups and lower
than that observed in Phillips' sixth-graders under blank-trial probe

conditions. The proportion of dimension checking was comparable to



Phillips' elementary school groups regardless of probe (45%). The dis-
tribution of eighth-grade problems in the present study was almost iden-
tical to that of Phillips' sixth-grade verbal probe group (focusing - 41%,
dimension checking - 45%).

It is difficult to compare the proportional representation in the
the other categories, hypothesis checking, stimulus preference and un-
systematic in the present study with the proportions obtained by Gholson
and Phillips, since the proportions in these categories are generally
small (below 25%) in all studies and age groups. The proportions ob-
served in the present study among children in both age groups were
similarly small and within the ranges observed previously under both
blank~trial and verbal probe procedures.

Comparisons of distributions of hypothesis sampling systems in
the Gholson et al,and Phillips and Levine studies with the present one
suggest that the proportion of problems of elementary school children
categorized as focusing may be affected by specific experimental condi-
tions., Generally, a larger proportion of problems of children in this
age range are categorized as involving focusing under verbal probe than
under blank-trial probe conditions. 1In the Phillips and Levine study,
the proportion of focusing increased with practice (second session, addi-
tional 12 problems) among second-grade children in the verbal probe group,
but not the blank trial probe group. The proportion of focusing among
third-grade children in the present study exceeded that of all elementary
school groups under blank-trial probe conditions except Phillips and
Levine's sixth-grade group. Under verbal probe conditions, both sixth
(Phillips and Levine) and eighth-grade (present study) children mani-
fested bimodal distributions comparable to those observed among adults

under blank-trial probe conditions,.



Analysis of the task under the two probe conditions indicates
that the verbal probe may simplify the task. It clearly facilitates
the manifestation of a focusing strategy. It is quite possible that
the extended interval between feedback trials in studies involving blank-
trial probes interferes with the retention of information necessary to
the manifestation of focusing. In addition, in the blank-trial task the
orthogonal structure of the sequence of feedback stimuli may be ob-
scured by the intervening sequence of blank trials which present a dif-
ferent organizational structure.

If, as in the present study, the purpose is to permit the subject
to digplay his most sophisticated information processing behavior, the
verbal probe appears to be the more efficient method of observing this
behavior during a concept identification task. It presents the basic
task without the clutter of extraneous stimulus configurations. In ad-
dition, it reduces the trial-by-trial memory demand to &hat which is es-
sential for problem solution. One further advantage te the method is
that proportionally more problems may be uged in the systems analysis,
Finally, procedurally, the verbal probe permits the collection of a
greater amount of data per session.

There is, however, another consideration: Under verbal probe con-
ditions, the subject is required to state a simple hypothesis prior to
each choice response. When he is asked to state his best bet as to the
solution, the assumption is that he should have one; i.e. he should be
generating hypotheses. But since it may force the subject to generate
hypotheses on each trial, it may not be the most appropriate technique
for obtaining information concerning whether problem solution is always

mediated by hypothesis testing (see Falmagne, 1970; Gholson & O'Connor,



1975). It may not, for example, be an appropriate method for examining
the underlying problem solving processes of younger children or children
suspected of cognitive disabilities. It is possible that younger chil-
dren and children who have learning disabilities have difficulty inte-
grating verbal symbels with visual arrays (Kendler & Kendler, 1962).
Furthermore, it is possible that children and adults, under conditions
in which a verbal hypothesis is not required, hold no hypothesis for
several trials during problem solving; i.e., wait for information in

a "no hypothesis' state (Falmagne, 1970). This is an issue which will
be examined in future research investigating the relative efficiency
of blank-trial and verbal probes with kindergarten children and chil-
dren with reading disabilities,

In this study, using verbal prcbes, there were significant dif-
ferences between third- and eighth-grade children on each measure of
problem solving behavior in the standard four dimensional problems (i.e.,
measures of simple hypothesig testing efficliency, sequential response
patterns, and solution per se).

Of particular interest are those measures which had been pre-
dicted to differentiate the two age groups. Neimark (1971) has hypothe-
sized that the development of techniques for systematic memory storage
and retrieval might be a basic process underlying cognitive development,
She found that third-grade children, in comparison to older childrem and
adults, showed less organization in encoding material for recall and less
awareness of the items that had been previously recalled. Based on that
finding, it had been thought that the younger children in the present ex-
perimental situation would be more likely than the older to resample

previously manifested and disconfirmed hypotheses. The confirmation of



this hypothesis leads to the suggestion that developmental differences
in memorization strategies may have played an important role in the per~-
formance of children of the two age groups of the present study. Some
clarification of this issue is gained by comparing the performance of
children of the two age groups in a situation in which a memory aid was
provided with four dimensional problems and when it was not (Four-
Dimension-Cue and No-Cue). Providing a cue list of the total set of
potential solutions resulted in third-grade children showing fewer repe-
titions of hypotheses that had been previous disconfirmed. There was no
difference among eighth-grade groups. They showed few instances of re=
peating digconfirmed hypotheses regardleses of the experimental condition.

There is, however, an alternate explanation. Consistent with the
findings of Ingalls and Dickerson (1969) and Gumer and Levine (1971),
the error most associated with not solving among the children of both
agesg involved the omission of the solution dimension from the sampling
set, It is reasonable to suggest that dimensions may be omitted more
frequently than the observations from unsolved problems might suggest.
Many problems are solved prior to the manifestation of hypotheses from
all dimensions, so the data based on only unsolved problems may be a con-~
servative estimate of this kind of error.

In the present study, this type of error was more frequent among
the younger children, but provision of 2 cue list with four dimensional
stimuli sharply reduced the number of problems in which it occurred.
This suggests that the third-grader's propensity to sample disconfirmed
hypotheses may be, at least, partially, a consequence of processing
feedback in relation to a reduced set of dimensions. Further support

for this contention is found in the difference between third-grade



response gequences with and without the cue list. First, more problems
were suitable for systems analysis when the cue was provided (807 ve 74%).
Second, the largest decrease, with the provision of the cue, was i{n the
unsystematic category (21% vs 11%) while the accompanying increase was
in the dimension checking category (45% vs 567). This change in gsequen-
tial responding as a function of the cue suggests that many of the un-
systematic sequences may result from working with a sampling set con-
taining less than four dimensions. The finding that 42% of the problems
in the No-Cue condition showed non-strategic approaches,while only 28%
of the problems in the Cue condition did,lends additional support to
this suggestion., Moreowsr, the malor reduction was in the unsyetematic
error category. The’proportion of problems in the dimension checking
error category remained constant across conditions. It appears that
without a cue, third-grade children had difficulty retaining the set of
dimensions from which the solution hypothesis is drawn. When a memory
aid was provided, it was used to monitor the set of dimensions. This
resulted in fewer unsystematic response sequences, particularly error
patterns, at the outset of the problem and less sampling of disconfirmed
hypotheses throughout the problem.

These changes, as a function of providing a memory aid, were not
observed in the problems of eighth-grade children. On the whole, pro-
viding a cue list toeighth-grade children had little effect on sequential
responding. A slight difference in the direction of increased unsystem-
atic approaches was observed when the cue list was provided (non-strate-
glic approaches; Cue-227, No~Cue-16%). The provision of this list appears
to have interfered with systematic responding and led to errors in di-

mension checking. Perhaps, it acted as a 'distractor' in the sense that



Hagen and Hale (1973) have suggested 'imposed labeling' does for older
children. Or it may have led to the perception of the task as a simple
one that did not require a systematic procedure to reach solution. Re-
call that all groups were exposed to both four and eight dimensional
problems in pretraining with no cue provided. Moreover, these children
did solve as many problems with the cue as without, despite the in-
crease in unsystematic sequences.

The question is what accounts for the younger children's diffi-
culty in keeping track of the entire set. All the dimensions relevant
to solution appear in the visual arrays on each trial, so there is no
need to retain the set in memory. The only activity necessary is a
gearch of the two configurations. There is ample evidence (e.g.,l6cal
consistency data) in the present study as well as others (Gholson et al,,
1972, 1973; Gholson & Danziger, 1975; Phillips, 1974) that children in
this age group understand the relationship of feedback information to
gtimulus configurations and succeeding hypothesesz. The search task must,
therefore, be limited to the configuration designated by feedback as in-
cluding the solution hypothesis, It has generally been assumed that
third-grade children are capable of both differentiating integrated con-
figurations into the dimensions involved and proceasing information in
relation to the individual elements (Tighe & Tighe, 1969). It is neot
clear, therefore, why keeping track of the set of potential hypotheses
was more difficult for the younger than the older children in this situa-
tion. Perhaps, remaining attentive to the individual elements over a
sequence of trials in which values are presented in different combina-
tions is difficult for younger children, The continuous need to separate
the configuration and search for individual dimensional values may be a

greater strain on the attentional processes of younger children than



older. On the other hand, the difficulty may lie in memory processes.
The omission of a dimension might also be a consequence of the imper-
fect memory organization hypothesized by Niemark (1971).

There is, however, another explanation for the differences ob-
served in the two age groups: both in the frequency of omitted dimensiomns
and the propensity to retest previously disconfirmed hypotheses, These
may be related to differences in strategic approaches. As Brumer et al.
(1956) have pointed out, different problem solving strategies make dif-
ferential memory demands. Recall that eighthegrade children in the
present study were bimodal in their strategic approach to this task, with
approximately equal prsportions of focusing and dimension checking mani-
fested. But dimension checking was the modal strategy of third-grade
children under all conditions, with little focusing.

Each of these strategies make differential attentional and mne-
monic demands on the problem solver. In focusing, the dimensional values
are differentiated at the outset of the problem or, at the least, follow-
ing the first feedback trial. At that point, the four wvalues on the
positive configuration are encoded and retained in memory. Following he
the second feedback, that set is retrieved. The positive configuration
is searched for the values that match the retrieved set. Those two are
reentered in memory. The process continues ghrough the third feedback
trial at which time the set of hypotheses is reduced to the solution.

The task is complicated by the sequencing of feedback information., Fol-
lowing negative feedback, the working hypothesis is eliminated and at-

tention must be redirected from the stimulus configuration of choice to
the positive one., The memory task involves an initial encoding of four
values and a systematic elimination at each trial, of half of the infor-

mation in storage.



The attentional and mnemonic demands involved in a dimension
checking plan are not as evident. There are two alternate ‘strategies’
that could result in the inference of a dimension checking plan., The
assumption that a subject following a dimension checking plan initially
encodes the potential solutions into pairs on each dimension may be taken
to imply that he initially memorizes the total set of four dimensions.

He may begin the problem by sampling one dimension and selecting one
value of that dimension to test. If the consistent choice receives nega-
tive feedback, he eliminates that hypothesis and by logical inference,
the dimensional opposite value, At that point, he retrieves the retained
set of dimensions, samples one of them and searches the positive configu-
ration for the locally consistent value on that dimension. This proce~
dure continues until he reaches solution., This description is similar

to a focusing plan, then, in that all the information necessary for solu-
tion is initially encoded and there is a systematic reduction in memory
load. Dimension checking, of course, involves a slower process than fo-
cusing, since only one dimension is eliminated per negative feedback
trial rather than half the memory load each trial. The attentional task
is algo similar to focusing, although simpler, since the search task
occurs only on negative feedback trials and the match involves only one
value each time.

The finding that 657 of all second and third hypotheses in dimen-
sion checking sequences were inconsistent with first trial feedback sug-
gests that complete stimulus information is8 not encoded in memory in the
beginning stages of dimension checking. It appears that the subject fol-
lowing a dimension checking plan may not fit the description outlined

above in that he may not initially memorize the four dimensions. In-



stead, he may sample one dimension at a time but when he receives dis-
confirmation in the form of negative feedback, he searches the positive
configuration for a new hypothesis representing an unsampled dimension,
Thus, he identifies a new dimension following each negative feedback
trial. This process involves more complex attentional and memory pro-
cesses than the previous example. The search task involves an identi-
fication rather than a match. 1In order to avoid repeating dimensions,
the previously sampled and disconfirmed dimensions must be retained and
retrieved during each search. Moreover, the set of memorized dimensions
is increased with each disconfirmation.

It, therefore, seems pessible that the omission of dimensions
and resampling of disconfirmed hypotheses result from aborted dimension
checking plans of the latter type., The attentional process and memory organi-
zation necessitated by the use of that strategy seems to provide more op-
portunity for these kinds of errors than does focusing. It is possible,
then, that the difference in the incidence of these errors among third-
and eighth-grade children may be related to the differential use of a
focusing approach, rather than a difference in either attentional skills
per se or strategies specifically geared toward memorization.

With the provision of a memory aid, the incidence of sampling
errors decreased and the manifestation of systematic response sequences
increased among third-grade children without an appreciable increase in
focusing. This finding lends support to the proposition that the strategy
used reflects the underlying cognitive organization of the problem sol-
ver. Providing a memory aid to third-grade children did notvincreaae
the use of a strategy hypothesized to reflect a logical plan beyond the

cognitive level of most third-grade children (see Gholson & McConville,



1974) . Rather, a cue list appears to simply aid children in this age
range in displaying their modal approach to this kind of task.

It might be argued that the higher incidence of dimension check-
ing in the Cue condition obscured an increase in occurrence of actual
focusing plans. Recall that the proportion of problems showing globally
congistent patterns categorized as focusing is systematically reduced by
a specific amount dependent on the number of dimension checking patterns
evidenced in that feedback sequence (Levine, 1975, Appendix). Since the
number of dimension checking sequences observed fluctuated with age and
experimental condition, it is possible to question whether the statisti-
cal manipulations resulted in accurate psychological portraits of the
problem solving strategies of children in this study.

In attempting to answer this question, each child was classified
according to the dominant system he mahifested. Since there were eight
problems, an attempt was made to classify each child according to the
system that accounted for the majority of his problems {(five)., No child
in either of the Four-Dimension conditions showed five problems that
were solely dimension checking or hypothesis checking so mixed patterns
were identified that constituted an hierarchy of efficiency. The follow-
ing seven categories were constructed to account for the protocols of
all children.

1. Five globally consistent patterns solved following third feedback.

2. Five patterns showing either globally consistent patterns or dimen-
sion checking patterns which were solved with only one hypothesis
per dimension manifested.

3. Five patterns showing either globally consistent or dimension check-
ing patterns without regard to whether solution was reached without

error.



4. Five strategic patterns which include hypothesis checking and di-
mension checking and/or globally consistent patterns.

5. Five patterns including dimension error patterns as well as dimen-
sion checking and/or globally consistent patterns.

6. Five error patterns, either all unsystematic or unsystematic and
dimension checking error.

7. Miscellaneous - no five patterns fitting one of the above categories,

The number of children in each of the categories under each ex-
perimental condition is presented in Table 10. 1In the Four-Dimension
groups, only three third-grade children show five globally consistent
patterns either with or without the memory aid. The improvement in per-
formance as a function of the memory aid is reflected in the increase in
the number of children in the next two categories and the decrease in
children in the last three categories, While only 12 children were in the
first three categories when no memory aid was provided, 19 were in these
categories with the provision of a cue list.

In contrast, the number of eighth-grade children in the Four-Di-
mension conditions in the first three categories was not affected by the
cue list, There were 10 children in the first category and 21 in the
first three categories in both conditions. Thus, the difference, as a
function of age, in the number of children in the first category, regard-
less of the availability of a cue list supports the contention, inferred
from the frequency distribution of the systems analysis, that the use of
a focusing plan (i.e,,responding in a globally consistent fashion) is
beyond the cognitive level of most third-grade children.

Since it was originally hypothesized that the use of a focusing

plan may be dependent on the logical operations available, this finding



Table 10

Number of Children Classified in Each Category
for Each Experimental Group

Categories

Third grade 1 2 3 4 5
Four-Dimension~No-Cue 2 3 6 2 3
Four-Dimension-Cue 3 6 10 2 1
EighteDimension-No~Cue 0 0 12 4 6
Eight-Dimension-Cue 0 2 7 4 6
Eighth grade

Four-Dimension-No-Cue 10 8 3 3 0
Four-~-Dimension~Cue 10 8 3 1 1
Eight-Dimension-No-Cue 4 3 11 2 4
Eight-Dimension-Cue 6 6 5 3 3




was not unexpected., Nevertheless, it is possible that the attentional
and mnemonic demands imposed by the different strategic approaches dic-
tated the choice of a particular strategy rather than that the initial
strategic plan dictated the kinds of attentional and mnemonic skills
that would be used. Unfortunately, this cannot be determined from the
data of the present study.

Further research addressed to this issue will examine the problem
golving approaches of children in these age ranges in a situation in
which concrete replicae of the set of hypotheses are available. The
subjects can then choose which hypotheses they will retain and discard
during the course of a problem., This procedure will permit the obeserva-
tion of how the child approaches the problem as well as the attentional
and mnemonic skills he uses in his attempt to find the solution.

The original impetus for the present study was Hagen‘s findings
of age related changes in processing relevant and irrelevant information,
In this study, the relevant and irrelevant information were presented in
the context of a complex concept identification task rather than the
simple recall task used in the Hagen studies. Consistent with Hagen's
findings, children in both age groups used irrelevant information and
third-grade children were more likely to do so than eighth-grade chil-
dren. Nevertheless, considerably less than half of the hypotheses
generated by children in either age group were from irrelevant dimen-
sions. This suggests that contrary to the original hypothesis the
younger, as well as the older, children made an effort to encode the re-
levant set. The children in the older group were, however, more suc-
cessful.

The more interesting question in this study concerned how the



presence of irrelevant information affected the problem solving approaches
among children of the two age groups. It appears that the most crucial
aspect of the task in the Eight-Dimension-No-Cue condition was the ini-
tial encoding of the set of relevant hypotheses. Recall that the rele-
vant dimensions were only identified at the outset of the problem. In
addition the total set of dimensions remained the same throughout the
eight problems whereas the designation of the relevant subset changed

from problem to problem., Therefore, the subject had to commit a new set
of four dimensions to memory for each problem and retain that set through-
out the problem, During that period, a sequence of visual arrays was
presented in which the relevant set of dimensions was differentially in-
tegrated with four irrelevant dimensions. Thus, remembering which four
dimensions were relevant for each problem may have constituted a complex
task in itself. When those memory demands were met, there was very little
difference in the kinds of strategies manifested by children of either

age group from that used by their peers who were exposed to visual arrays
containing only relevant information. If no irrelevant hypotheses were
manifested in the first three trials, for example, the proportion of fo-
cusing among the children of each age was similar to that evidenced in

the Four-Dimension-No-Cue condition.

It was originally thought that eighth-grade children would show a
smaller proportion of focusing and a larger proportion of dimension
checking when irrelevant information was included in the stimulus con-
figuration. The reasoning was that children in this age group would
recognize the difficulties inherent in the task when irrelevant informa-
tion was included. Consequently, they were expected to attempt a strate-

gy that entailed less 'cognitive strain. However, an analysis of the



demands of the task in this situation suggests that focusing might have
involved less 'cognitive strain' than dimension checking. The exclusion
of irrelevant information from sampling depends on initiating the prob-
lem by encoding the four relevant dimensions. This is assumed to be an
integral and necessary part of a focusing plan. Although the attention-
al task is more complex when irrelevant values must be excluded from
processing during the course of the problem, there is no difference in
the memory task as a function of the presence of irrelevant information,
However, following a dimension checking plan is much more difficult when
irrelevant information is present than when it is not. In order to ex-
clude irrelevant dimensions from sampling, the four relevant dimensions
must be encoded in memory. Following each negative feedback trial, the
unsampled dimensions must be retrieved and the positive configuration,
containing both relevant and irrelevant values, must be searched for a
value from a previously unsampled but relevant dimension. Thus both the
memory and attention aspects of the task are complicated by the presence
of irrelevant information. In this situation, then, the necessity of
excluding irrelevant hypotheses from sampling dictates that the four re-
levant dimensions should be encoded and retained at the outset of the
problem, regardless of the strategy followed. In addition, the atten-
tional task may be almost as complicated in dimension checking as in fo-
cusing but the memory load is reduced at a slower rate in dimension
checking than focusing. This suggests that the focusing plan may involve
less 'cognitive strain'than a dimension checking plan in this situation.
Thus, 1f a focusing approach were within the cognitive capacity of a
child, we might expect him to use it.

Therefore, with hindsight, it is not surprising that eighth-grade



children manifested a higher proportion of focusing than dimension check~-
ing sequences on those problems in which they retained the set of rele-
vant dimensions., It is more surprising that, overall, there was a reduc-
tion in the use of a focusing approach by eighth-grade children when the
problems contained irrelevant dimensions., Only four eighth-grade chil-
dren in contrast to ten in each of the Four-Dimension groups showed a
focusing approach on the majority of problems (see Table 10). It is not
clear what underlies this reduction. Possibly, in the Four-Dimension
conditions, the memory aspect of the problem begins with encoding the set
of hypotheses on the first positive configuration. The necessity of en-
coding the four relevant dimensions prior to first feedback in the Eight-
Dimension-condition then increases the memory aspect of the task. 1In
addition, there is more likelihood of error in processing present stimu-
lus information in relation to the retrieved information when irrelevant
dimengions are included in the stimulus. Although dimension checking was
the modal strategy of children in this age group when irrelevant hypo-
theses were manifested, there was no difference in the proportion of di-
mension checking sequences observed in this group and the eighth-grade
Four-Dimension-No-Cue group. Instead, the reduction in focusing sequences
was accompanied by an increase in error sequences, Thus it does not seem
as if eighth-graders altered their strategic approach when irrelevant in-
formation was included in the stimulus array. Rather, the reduction in
focusing shown by this eighth-grade group in relation to the eighth-grade
Four-Dimension groups appears to reflect an increase in the propensity to com-
mit mnemonic and attentional errors in processing information in this situation,
Regardless of whether irrelevant dimensions were included in the

sampling set, the modal strategy of third-graders was dimension checking.



When irrelevant information was included in the stimulus array, a larger
proportion of the problems of third-grade children showed a strategic
approach, primarily dimension checking, than when no irrelevant informa-
tion was present. It appears that the inclusion of irrelevant dimensions
provided third-grade children with a more conducive situation in which to
demonstrate their preferred atrategy. The inclusion of extra dimensions
enabled children in this age group to display their modal strategy on a
larger number of problems if the irrelevance of half of the sampling set
was ignored. Howewer, there were fewer problems solved by this third-
grade group than any other.

Although eighth-grade children showed more regression from their
optimal level of performance in this condition than third-grade children
did, they maintained their superiority over the younger group in all as-
pects of problem solving: they were more likely te exclude irrelevant
hypotheses from sampling, and they were more likely to ghow a strategic
approach, particularly focusing., It is difficult to determine vhat
underlies this superiority. It may be that the older children are more
proficient in encoding and retaining relevant information. It may be that
they are more proficient in excluding irrelevant information from intrud-
ing in the problem solving procees. On the other hand, the superior per-
formance may reflect a2 more advanced cognitive organization which showed
some deterioration in this situation but atill enabled eighth-grade
children to cope with thies proeblem in a more efficient fashion than third-
grade children.

In comparing the present results with Hagen's work, it must be

noted that there are important differences between the two experimental



gituations. This study not only employed a more complex task but it al-
8o involved a stimulus situation in which the separation of relevant and
irrelevant information was probably more difficult. Addressing themselves
to this issue, Hagen and Hale (1973) have delineated the processes in

the two stages of Neisser's (1967) theory of information processing in
relation to developmental differences in selective attention. According
to them, the first stage involves identification of relevant information.
The second stage involves maintenance of attention to relevant informa-
tion while ignoring irrelevant information. They hypothesized that de-
velopmental differences are found in the second stage following dis-
crimination of relevant from irrelevant information. In situations in
which first stage processing involves considerable effort (i.e., the initial
discrimination between relevant and irrelevant information is difficult),
there is less likelihood of developmental differences in performance.

In the present study, the second stage represented a particularly
arduous task as maintenance of attention to the relevant information in-
cluded retaining identification of that set in memory. This was compli-
cated by combining relevant and irrelevant information in an integrated
configuration (See Hagen &' Hale, 1973 for a discussion of this issue).
This made first stage processing (i.e.,discrimination of the relevant
from the irrelevant) a continuous necessity throughout the sequence of
trials in each problem until solution was reached. Additionally, the
difficulty of first stage processing was compounded by the alternation
of particular dimensions as relevant or irrelevant across problems. Thus,
the small difference between performances of third- and eighth-grade
children in this situation in which relevant and irrelevant were combined
in each stimulus configuration is consistent with the Hagen and Hale

thegis., It is left for future research to determine if larger differences



in problem solving efficiency would be observed in these two age groups
if the relevant and irrelevant elements were spatially separated and the
identification of each as relevant or irrelevant were constant as they
typically were in the Hagen studies,

When the configuration contained irrelevant information, the cue
list was provided specifically to examine the selection and exclusion
process when the necesgity of memorizing the relevant set of dimensions
was eliminated. Children in both age groups sampled fewer irrelevant
hypotheses when the memory aid was provided. This suggests that the
large proportion of irrelevant hypotheses generated when the memory aid
was excluded was related to difficulty in encoding and retaining the
relevant hypotheses set during the problem. Even with the provision of
a cue list, however, children of both age groups sampled irrelevant hy-
potheses, This suggests that excluding irrelevant information from pro-
cessing entailed more than just memorization,since it was presumably not
required when the cue list was provided. The fact that age differences
remained, even with the provision of the cue list, indicates that there are
developmental differences in the exclusion process as well as in the en-
coding and retention processes.

For third-grade children, providing a memory aid with stimuli that
included irrelevant information appears to have had mixed effects. Fewer
irrelevant hypotheses were manifested when the cue 1list was provided; but
fewer strategic approaches were evidenced with the cue; and there was no
increase in the probability of solution related to presence of the cue
list. Furthermore, there was a smaller proportion of focusing in this
condition than in any other with no accompanying increase in dimension

checking. More error sequences were in evidence when the eight-dimensional



stimuli were presented with a cue list than when that configuration was
presented without one. One may speculate that the effort to use the cue
list in selecting hypotheses may have interfered with the generation

of more efficient sequential plans.

The memory aid (cue list) did not have the same beneficial effect
on third-grade performance when the stimulus configuration contained irre-
levant information as it had when it accompanied a configuration containing
ne irrelevant information, It appears that using the cue list to generate
hypotheses when the list of hypotheses matched the elements in the visual
array presented a very different situation than when the list had to be
used to select elements embedded in a configuration which also contained
elements to be excluded. Two explanations which are not mutually exclu-
sive are suggested. It 1s possible that the deployment of attention be-
tween the cue list and the vigual array in a gituation in which the search
tagk involves both separation and exclusion interfered with the efficient
use of the cue list. It is also possible that the memory aid does not
affect the primary difficulty in a stimulus situation of this kind i.e.,
excluding the visual irrelevant elements from intrusion on the process-
ing of relevant elements.

The eighth«grade children made more effective use of the cue list
in this situation than the third-grade children. In contrast to their
peers exposed to the relevant-irrelevant configuration without a cue
liast, the eighth-grade children provided with a cue list did trade off
focusing approaches for dimension checking approaches. This leads to
the speculation that children in this age group conceived of the exclu-
sion aspect of the task as most crucial when the configuration included

irrelevant information but the need to encode and retain the relevant



set was eliminated. If that was the case, the reduction in focusing and
concomitant increase in dimension checking may be because the older chil-
dren have an hierarchy of strategies available. The cue list may have
been perceived as a concrete prop which reduced the memory aspect of the
task. Dimension checking, then,may have been considered by some eighth-
grade children an approach more likely to lead to success in this situa-
tion than focusing, since it involves less demanding selective attention.
The likelihood of error in the visual search aspect of the task would
seem to be greatly reduced if only one hypothesis per trial has to be
identified from a list of hypotheses. Therefore, the increased use of
dimension checking in this situation may be because older children at-
tempt to analyze both the task and their goals in an attempt to employ
the most efficient strategy in the particular situation. Whether or not
it was a consequence of the alternation in strategic approach, the pro-
vigsion of a memory aid did result in a larger proportion of successes in
the eight dimensional situation than in the identical situation when no
memory aid was provided.

Nevertheless, the presence of irrelevant information in the visual
array did interfere with the éfficiency of children in this age group.
While they solved as many problems as their peers exposed to configura-
tions that included only relevant information, they were more likely to
show dimension checking errors and less iikely to reach solution using
that approach.’

Eighth-grade children showed more efficiency than third-grade
children in both the approach to and completion of problems in this situa-
tion. Notwithstanding, the finding that there was less efficiency among

eighth-grade children when irrelevant information was included in the



stimulus complex with the cue list, than in either condition without ir-
relevant information suggests that the exclusion aspect of the task re-
quired effort even for children of this age. It is not possible to de-
termine if this difficulty was a consequence of difficulty in first stage
processing as postulated by Hagen and Hale to be inherent in the presen-
tation of relevant and irrelevant information as an integrated configu-
ration. It is also not possible to determine whether the developmental
improvement in offsetting irrelevant information inferred from the Hagen
(1967, 1970) studies to occur at older ages than those of this study would
be evident among older subjects in stimulus situations in which first
stage processing was difficult since related research using older sub-
jects has not yet been reported.

Nevertheless, the present study indicates that selective attention
requires more than just appropriate encoding strategies. Despite the
fact that children of both age groups were able to use the cue list as
an aid in generating almost exclusively relevant hypotheses, the irre-
levant information in the stimulus configuration affected problem solving
efficiency in both age groups.

In regard to this, it is to be noted that the primary question of
the present study differed from that of the Hagen studies in an important
way. The Hagen studies address themselves to the question of whether
irrelevant information is attended to and remembered in a simple memory
task, The primary concern here was how the presence of irrelevant in-
formation affects the processing of relevant information in a problem
solving task and how children of different ages handle this situation.

There was considerable variation among the eighth-grade children's

performances in response to the different experimental conditions. It



appears that children in this age range analyze a situation and adjust
their method to the particular stimulus situation. This is possible be-
cause they have a repertoire of information processing techniques that
can be applied in different situations. In contrast, the younger chil-
dren may have a smaller repertoire of such techniques available. It is,
of course, not clear if their failure to adjust their processing in re-
sponse to different conditions is solely a function of the limited range
of techniques available to them or stems from failure to accurately as-
sess the stimulus situation,

In this study, the eighth-grade children were, like adults in
previous research (Gholson et al, 1972, 1973), equally likely to use a
focusing or dimension checking strategy to solve problems when the stimutl
1i contained only relevant information., When the task was complicated
by the irclusion of irrelevant information and the necessity of retain-
ing the relevant information in memory, they appeared to concentrate on
the retention of the relevant information. The difference in the shape
of the category frequency distribution in the Eight-Dimension-No-Cue
condition when problems manifesting irrelevant hypotheses are excluded
and included suggests that success in retaining the relevant information
was likely to lead to the use of a focusing strategy which minimized the
memory demands of the task. If the relevant information was not retained,
a dimension checking strategy was more likely to be followed. When the
retention of the relevant set was not necessary due to provision of a
cue list, they appeared to concentrate on the exclusion aspect of the
task, The finding tﬁat they generated fewer irrelevant hypotheses with
the cue list than without suggests they may have used the memory aid in

following a dimension checking plan which simplified the selective



attention aspect of the task.

Few third-grade children appear to have the cognitive resources
needed to manifest a focusing strategy. Therefore, they were limited to
a dimension checking approach regardless of the stimulus condition. The
manifestation of this approach appeared to depend on whether the stimu-~
lus situation provided an opportunity to digplay it. The younger chil-
dren may have been less aware than the older of the set of dimensions
that were potential solutions to the problem. This would help explain
why more successful completions of problems were evidenced when
the stimuli contained only relevant information and a cue list was pro-
vided than in any other condition, The provision of an external aid
that represented exactly the elements in the stimulus configuration ap-
pears to have greatly increased the probability of successfully conclud-
ing a dimension plan in this age group.

In this study the manifestation of different strategies has been
identified as possibly representing different conceptual levels of de-
velopment. One question of major concern is whether these strategies
are unique to these particular tasks. The identification of consistent
sequential response patterns within individual children permits the in-
vestigation of developmental differences in logical planning and process-
ing of information to be carried out across a number of problem solving
tasks., Strategies involved in other tasks may indicate similar differ-
ences in conceptualization associated with developmental levels., For
example, although the twenty questions task differs from a concept iden-
tification task in form as well as content, the strategies identified in
that task, constraint seeking and hypothesis seeking appear to parellel

focusing and dimension checking or hypothesis checking. The strategies



identified by Bruner et al, (1956) also appear to parallel focusing and
dimension checking. Neimark and Lewis, (1967, 1968) too, have identified
strategic approaches to a diagnostic problem solving task which follow a
similar developmental pattern to that observed in this and related
studies. It might be expected that a child who manifests a focusing system
in concept identification tasks would show a similar strategy in a concept
attainment task and would manifest constraint seeking in the twenty
question task. In response to Neimark and Lewis' (1967,1968) diagnostic
problem solving task, that same child might show the general logical
principles that characterize the approach of adolescents. If consistent
developmental differences are involved in the manifestation of different
problem solving strategies, they should be evidenced across various types

of problems. Future research will be addressed to this question.



Appendix A



Task demands in the use of strategies

Hypothesis checking -~ Each attribute of each dimension is methodically

tested and eliminated, dimension by dimension. New hypotheses are con-
sistent with current information but not necessarily with any informa-
tion received on past feedback trials. There are no logical inferences
necessary, The use of such a strategy implies that the problem solver
is able to examine a stimulus configuration and recognize that it exists
on a continuum of different dimensions and can be compared with and dis-
criminated from another configuration on that basis - e.g. it is larger,
its shape is triangular, not circular etc. Moreover, he must under=-
stand the instructions that the problem is soluble only if the configu-
ration is broken up; that one of the hypotheses on one of the dimensions
is the solution. He then must attend to both sets of stimuli on each
trial and relate them to feedback information. This strategy makes the
least demands on the subjects' intellectual resources and the largest

on his mnemonic resources (encoding, storing and retrieving). To reach
solution without repeating hypotheses he must continuously recall the
hypothesis he has tested and the memory load increases as the problem
progresses,

Dimension checking - This is a more sophisticated version of Hypothesis

checking. The use of such a strategy seems to imply operational think-
ing., To use it efficiently (errorlessly) entails a systematic ordering
of the dimensions into four mutually exclusive sets, each comprised of

a pair of complementary values. Information on one of the values 1is used
to process the set, The subject must infer that if an hypothesis ap-
peared on the positive configuration on the previous feedback trial, the

dimensionally opposite hypothesis must have appeared on the negative.



Therefore, if the first hypothesis is now on the negative picture,
neither can be the solution. Thus this strategy necessitates the use

of logical reasoning in the elimination of hypotheses., In a sense, each
dimensional set is viewed as a superordinate class with two subordinate
members. If information is received that one member is potentially
correct, the possibility of the other being correct is automatically
precluded by the complementary nature of the membership in the class.
The reasoning would seem to be of this order; color = black, white; if
black, not white, if not black, not color. Thus the class is eliminated
as a potential solution on the basis of the relationship between the
members of the class to each other and to the total set, The use of
such logic implies the ability to join objects in a class and to under-
stand their relations; to simultaneously view either as a separate sub-
ordinate member of the class and both as the total superordinate class.
Using this strategy reduces the memory load during successgive trials,
The set of hypotheses has logically been reduced to four. Thus, the
most hypotheses a subject must keep mnemonic track of is three.

Focugsing seems to involve complex operations. The task is begun with a
long range plan in which all hypotheses are considered as the potential
solution., At each step of the problem, the set is reduced by half.
Following the first feedback information, there are four potential solu-
tions which must be encoded in some symbolic fashion, stored and re-
trieved following the second feedback. The retrieved set must be com-
pared to the currently positively designated set and a new set formed
from the common elements of both sets. Repeating this operation follow-
ing third feedback leaves a remainder set of one~- the solution. Solu-

tion is achieved by means of a successive series of subtractive or



cancelling out operations. The initiating of such a plan would appear
to involve logical analysis of the problem structure as well as the
ability to engage in sequential elimination operations. The Flavell
(1963) descripticn of the formal operational thinker suggests that that

stage of thinking is reflected in the use of this strategy.
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Appendix C



Ingstructions

Preliminary I - 4 Dimension Stimuli

I would like you to help me with some puzzles. What will happen is that
you will see pictures like these. As you can see, there are two pic-
tures, One has an 'X' and one has a 'T', one has a 'circle' and one has
a 'square', and one the letter 1is colored in so its 'full' and the
other is 'empty', one letter is 'big' and one is 'little'. (point while
naming).

One of these is the right answer - and the right answer is right for the
whole puzzle. So, for example if 'big' is the right answer, this pic-
ture {point) would be right since the letter is'big'and this other pic-
ture would be wrong since the letter is 'little' (point) What you'll be
doing is choosing one of the two pictures, the one you think is right,
If you think this picture is right (point) then point here---if you
think this picture is right, point here (point). After you've picked a
picture, I'1ll tell you whether the one you chose was right. Try to be
right as often as you can. If you figure out the right answer---What is
always right, then you can pick the right picture every time.

Now let's try this puzzle. Remember (pointing) what is right all the
time could only be 'big' or 'little', 'full' or 'empty', all the 'Xs' or
all the 'Ts' or the 'circles' or the 'squares'. Your job is to figure
out what the right answer is - remember its only one of those and its
right all the time. (Feedback is given after each choice.)

AFTER TRIAL 6 Did you notice what was right all the time.

IF CORRECT Yes, 'full' was the right answer this time. That was very
good.

IF WRONG IF COMPOUND No only one is always right, did you notice




which one was always right.

IF WRONG____ No, that wasn't right all the time.

IF WRONG OR DOESN'T KNOW BY 6TH: EITHER/OR HINT. I'm going to give you
a hint about the right answer. What will always be right here is either
the 'full’ one or the 'empty' one (point).

AT END : Did you figure out what was right every single time?

IF YES: Very good,'full'was the right answer.

IF WRONG: The right answer was 'full' let's try it again. (Show first
pair and point to 'full') I want you to pick every picture with a

letter thats 'full' and see what happens. (Say 'right' after each choice.)
CRITERION: TEN IN A ROW: See, now that you know the right answer,
you're right all of the time.

AFTER: This is the way all of the puzzles will go. The right answer
will always be one of the things on one of the two pictures you see each
time. Like this time it was the 'full' letter but it could have been
the ‘X' or the 'T', the empty letter or the'circle' or the 'square' or
the 'big' one or the 'little' one.

Do you have any questions?

Preliminary 2 - 8 Dimension Stimuli

OK let's try this next puzzle. In this puzzle, there are lots of things
but I'll tell you the only things the right answer might be and it will
only be one of the things I tell you - so listen and look at what I point
at. It could be the 'single border' or the 'double border', it could be
'green' or it could be 'orange', or it could be the 'dashed border'or
the 'solid border' or it could be that the 'line is on top' of the pic~-
ture or 'on the bottom' of the picture. Your job again is to figure out

which one is the right answer - whats right every single time.




AFTER TRIAL 6: What was always right?

IF CORRECT: Yes, that was very good 'solid border' was the right answer.
IF INCORRECT AND RELEVANT: GIVE EITHER/OR HINT AND THEN TELL

IF INCORRECT AND IRRELEVANT OR COMPOUND: No, remember, I told you it

could only be 'a single border' or a 'double border, a 'dashed border'

or a 'solid border', 'orange' or ‘'green', or the'line on the top' or the

'line on the bottom'.

GIVE EITHER/OR HINT AND THEN TELL

AT END: See, once you get the right answer, you are right all the time.

Preliminary 3 - 4 Dimensional Stimuli

let's try this next puzzle. 1In this one the right answer could be
'square' or 'circle', 'big' or 'little', 'top' or 'bottom', 'dashed' or
'solid'. (pointing to them) One of these is right all of the time and

it s your job to figure out what it is,.

AFTER TRIAL 3: Now tell me what your best bet is about the right answer-
the one that's right all of the time. (From Trial 3 on, ask child - what's
your best bet about the right answer?)

AFTER TRIAL 6: What was right all of the time (Big)

IF CORRECT OR INCORRECT PROCEDURE SAME AS IN 1 and 2,

Preliminary 4 - 8 Dimensional Stimulfi

In this puzzle, the right answer could be 'big' or 'little', double line'
or 'single line','purple' or 'red' or "top' or 'bottom'. Remember these
are the only possible right answers.

BEFORE PROBLEM WITH lst SET IN FRONT OF CHILD ~ What do you think the

right answer will be this time?

AFTER VERBALIZATION: Show me the picture that's right.



AFTER FEEDBACK: What's your best bet now about what's the right answer?

AFTER 6th FEEDBACK: What I want you to do from now on is before each

time you pick a picture, tell me what's your best bet about the right

answer - which you think it might be. If you forget to tell me, I'll
remind you. I want you to tell me just as you've been doing when I've
asked but I just don't want to have to ask you each time.

REMIND IF CHILD DOESN'T

GIVE EITHER/OR HINT OR TELL LIKE OTHER PRELIMINARIES.

Preliminary 5
Ok let's look at these,this time the answer is either 'big' or 'little’,
'empty' or 'full', 'blue' or 'brown','V' or 'A'., Remember these are all
the possible answers. One of them is the right answer. It's your job to
figure out which it is. Remember before you choose a picture, tell me
your best bet about what the right answer is. If you don't
have a best bet at the beginning - tell me that - but after the first
choice always tell me which one you think the answer is.

General Instructions
BEFORE PROBLEM: Don't forget to tell me before you choose a picture what
your best bet is about what's the right answer.
AFTER LISTING THE ATTRIBUTES: The answer is only one of those.
BEFORE PROBLEM: AFTER TELLING RELEVANT ATTRIBUTES: Now you tell them
to me. Te 1 me what could be the answer. Point to them,
IF WRONG OR FORGETS: NO, the answer is either REPEAT,

AT END OF PROBLEM: That was very good. That was a good try.
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Sample cue card

X R

Circle Square
Big Little

Dashed Border  Solid Border




Appendix E



The Analysis of Variance Summary Table

for the Probability of Solution

Source 58 DF MS F

Age 7122.986 1 7122.986 65.23%
Information 6264 .441 1 6264.441 57.365%
Cue 2048.918 1 2048.918 18,762%
Age x Information 49,217 1 49.217 -

Age x Cue 45,60 1 45,60 -

Cue x Information 293,115 1 293.115 2.68
Age x Cue x Information 309.398 1 309.398 2.83
Within 20093.367 184 109.203

3rd 8 DNC 8th 8 DNC 3rd 8 DC 3rd 4 DNC

46.38 53.23 53.82

56.71

*P .05 = 3.91

64.30 66.55 13.09

PL .05

3rd 4 DC 8th 8 DC 8th 4 DNC 8th 4 DC

13.98




The Analysis of Variance Summary Table for the Probability
that the Same Hypothesis was Maintained on

Successive Trials When the Intervening Feedback was Positive

Source §S DF MS F
Age . 1340.9 1 1340.9 29.26%
Information 413.5 1 413.5 9.02%
Cue 2.0 1 2.0 .04
Age x Information 65.12 1 65.12 1.42
Age x Cue 128.95 1 128.95 2.81
Cue x Information 45.0 1 45.0 .98
Age x Cue x Information 3.48 1 3.48 .08
Within 843.3 184 45.83

Tukey b

3rd 8 DNC 3rd 4 DNC 3xrd 8 DC 8th 8 DC 3rd 4 DC 8th 8 DNC 8th 4 DC 8th 4 DNC

4
75.66 77.11 77.18 79.13 79.28 81.96 84.62 84.67




Analysis of Variance Summary Table for the Probability
that the Same Hypothesis was Maintained on Successive
Trials When the Intervening Feedback was Positive

Excluding H, and Criterion Run Data

Source SS DF, MS E
Age 887.6068 1 887.6068 11.8048%*
Information 586.8114 1 586.8114 7.8044%
Cue 3.7416 1 3.7416
Age x Information 68.4249 1 68.4249
Age x Cue 296.5094 1 296.5094 3.9438%*
Cue x Information 202.6222 1 202.6222 2.6948
Age x Cue x Information 40,5912 1 40,5912
Within 13834.9214 184 75.1897

Tukey b

3rd 8 DNC 3rd 4 DNC 8th 8 DC 3rd 8 DC 3rd 4 DC 8th 8 DNC 8th 4 DNC 8th 4 DC

69.10 70.27 70.43 70.73 74.17 75.61 77.33 78.10




The Analysis of Variance Summary Table for the Probability

that a Disconfirmed Hypothesis was Maintained

Source

Age

Information

Cue

Age x Information

Age x Cue

Cue x Information

Age x Cue x Information

Within

ss
338.8578
2.1357
20,2085
13.9699
.4360
9.2477
6.9767

5114.5599

184

MS
338.8578
2.1357
20.2085
13,9699
.4360
9.2477
6.9767

27.7965

E

12.1906%



The Analysis of Variance Summary Table for the Probability
of Generating a Locally Consistent

Hypothesis Following Negative Feedback

Source Ss DF MS F
Age 1428.17 1 1428.1736 30.19%
Information 1021.8072 1 1021.8072 21.60%
Cue .0732 1 .0735
Age x Information 91.3421 1 91.3421 1.93
Age x Cue .01 1 .01
Cue x Information 31.2565 1 31.2565
Age x Information x Cue 82.9362 1 82.9362 1.75
Within 8705.7786 184 47.3140

Tukey b

3rd 8 DC 3rd 8 DNC 3rd 4 DNC 8th 8 DNC 3rd 4 DC 8th 8 DC 8th 4 DC 8th 4 DNC

62.92 65.09 66.2 67.84 68.27 68.32 73.80 74.30




The Analysis of Variance Summary Table for the Probability

of Retesting a Previously disconfirmed Hypothesis

Source s DF M E
Age 3227.3560 1 3227.3560 44 ,26%
Information 211.7200 1 211.7200 2.90
Cue 324.2720 1 324,2720 8.45
Age x Information 27.4993 1 27.4993
Age x Cue 65.7072 1 65.7072
Cue x Information 14.1071 1 14.1071
Age x Information x Cue 159.7948 1 159,7948 2.19
Within 13418.1079 184 72.944

Tukey b

8th 4 DC 8th 4 DNC 8th 8 DC 8th 8 DNC 3rd 4 DC 3rd 8 DC 3rd 8 DNC 3rd 8 DC

13.69 13.84 15.26 17.98 19.65 23.36 24.76 25.76




Source
Age

Cue

Age x Cue

Within

The Analysis of Variance Summary Table for the Probability

of Generating an Irrelevant Hypothesis

ss

599.35017
4219.4646
153.4445
6754.,0540

DF

92

MS
599.35017

4219.4646
153.4445

6754.0540

I™

8.16%
57.48*%

2.09



Source
Age

Cue

Age x Cue

Within

The Analysis of Variance Summary Tables for the Percentage

of Problems Showing Irrelevant Hypotheses

SS
2829.8988
9258.6888

257.6115

18255.0935

DF
1
1
1

92

MS
2829.8988
9258.6888

257.6115

198.42

F
14.26%
46.66%

1.30



The Analysis of Variance Summary Table for the Number of

Focusing Plans (Based on Three Randomized Observations)

Source

Age

Information

Cue

Age x Information

Age x Cue

Information x Cue

Age x Information x Cue

Within

3rd 8 DC  3rd 8 DNC 3rd 4

2.9 6.2 9.6

ss
608.03
403.44
26.88

20.54

19.44

44 .83

.35

281.41

DNC

8th 8 DC

DF

1

16

Tukey b

9.6

3rd 4 DC

Ms E

608.03 34.57%

403.44 22,94%
26.88 1.53
20.54 1.11
19.44 1.11
44,83 2.55
.35 -
17.59 -

8th 8 DNC 8th 4 DC 8th 4 DNC

16.0 22.1 23.6




The Analysis of Variance Summary Table for the Number of

Dimension Checking (Based on Three Randomized Observations)

Source ss DF 1S E
Age 8.4 1 8.4

Information 181.49 1 181.49 6.63%
Cue 206.50 1 206.50 12,91%
Age x Information 26.4 1 26.4

Age x Cue 228.3 1 22.8

Cue x Information 60.18 1 60.18 3.76
Age x Cye x Information 13.74 1 23.14

Within 437.91 16 27.37

Tukey b

3rd 8 DNC 8th 8 DNC 3rd 8 DC  3rd 4 DNC 8th 4 DC 8th 4 DNC 8th 8 DC 3rd 4 DC

12.0 15.5 21.1 21.1 22.7 23.8 24.4 27.5




The Analysis of Variance Summary Table for the Percentage

Source

Age

Information

Cue

Age x Information

Age x Cue

Cue x Information

Age x Cue x Information

Within

3rd 8 DC

32 33.82

38.29

43.95

ss DF
8316.3308 1
4703.8860 1
95.6828 1
45.4546 1
72,6928 1
65.3566 1
522. 2582 1

25332.7646 184

Tukey b

3rd 8 DNC 3rd 4 DNC 8th 8 DNC 3rd 4 DC

of Problems Solved Strategically

MS
8316.3308
4703.8860
95.6828
45,4546
72.6928
65.3566
522,2582

137.6780

8th 8 DC

46.26

60.4042%

34.1658

3.7933

8th 4 DC

55.0

8th & DNC

56.95
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Chi Square

Probability Problem Order Affected Solution

Third Grade Eighth Grade
Four-Dimension~No-Cue X2 4.16 x2 2.95
(3) (3)
Four-Dimension-Cue X2 7.84% X2 1.53
(3) (3)
Eight-Dimension-No-Cue X2  2.98 X2 2.32
(3 (3)
Eight-Dimension-Cue 2 1.76 2 6.18 .10
(3) (3)
2
X = 7,815 p .05
(3
Overall X2

(24) = 29,72 p .20

2 = 36.42

(24)



Number of Problems Solved as a Function of Problem Order

Total Number Problem
Condition Solved 1 2 3 4 5 6 7 8 Errors Number
Third Grade
Four-Dimension-No-Cue 129 12 19 18 16 15 12 18 19 2 1,1
Four-Dimension-Cue 153 17 19 15 18 22 18 23 21 3 1,3,7
Eight~-Dimension-No-Cue 101 12 11 11 9 14 15 16 13 2 1,1
Eight-Dimension~Cue 125 18 17 11 16 20 13 13 17 2 3,7
Eighth Grade
Four-Dimension-No-Cue 176 22 21 23 20 23 24 22 21 1 4
Four-Dimension-Cue 179 22 20 24 22 22 23 23 23 1 1
Eight-Dimension-No-Cue 132 18 14 17 16 15 17 17 18 0 -

Eight-Dimension-Cue 162 16 20 21 19 20 23 22 21 0 -
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Hypothesis Sampling Systems Calculations

{(From Gholson et al, 1972)

Four-Dimension=-Nd~-Cue

Third Grode

Feedhack Focusing Dinension Hypothesgis Stimulus Unsysiematic Tot
Pattern Checlking Checking pPreference
o - 148 1628 i 3 0 34
6 28
+ + - 18-3.6 6+3.6 2 0 14 40
14.4 2.5
- - - 11-6.5 1116, 6 ] 1 3 37
4,4 17.6
- - 3~4.,5 8-+ 1--1+.5 2 8 29
3.5 12 2.5
Total 28.3 63.2 11.5 7 30 140
Percent 20.2 45,1 3.2 5.0 Y214 73.7
Eighth Grade
Foto- 28-7 1447 0 0 0 42
21 21
b - 21-6.6 11+6.6 1 0 8 41
14,4 17.6
- - 21-8.4 14--8.4 7 0 2 44
12.6 22,4
-+ - 25-5.5 4,5 0+2+1 0 1 37
15,5 13.5 3
Total 67.5 74,5 11 4] 11 164
Percent 41.2 45,4 6.7 0 6.7 85.¢



Hypothesis Sampling Systems Calculations
(From Gholson et al, 1972)

Four-Dimension-Cue

Third Grade

Feedback Focusing Dimension Hypothesis Stimulus Unsystematic Total

Pattern Checking Checking Preference

4 4 - 20-8.5 17+8.5 2 1 ’ 0 40
11.5 25.5

- .- 17-10,2 17410.2 1 0 3 43

5,8 27.2
-~ - - 14-8.4 1448.4 6 0 7 41
5.6 22.4

-+ - 12-6 7+3.5 2+542.,5 1 2 29
6 10.5 9.5

Total 29.9 85.6 _ 18.5 2 17 153

Percent 19.5 55.9 12.1 1.3 11.1 80.1

Eighth Grade

+ o+ - 29-6 1246 0 0 0 41
23 18

+ - = 26-4,8 8+4.,8 1 0 8 43
21.2 12.8

- - - 15-8.4 14+4+8.4 5 0 7 41
6.6 22.4

- s - 20-5.5 1045 1+1-+,5 0 0 32
14.5 15 2.5

Total 65.3 68,2 8.5 0 15 157

Percent 41,6 43,4 5.4 0 2.6 81.8



Hypothesis Sampling Systems Calculations

(From Gholson et al, 1972)

Eight-Dimension-No~-Cue
(Irrelevant hypotheses excluded)

Third Grade

Feedback Focusing Dimension Hypothesis Stimulus Unsystematic  Total
Pattern Checking Checking Preference
4 - 12-2 412 3 5 0 24
10 6
+ - - 5-5.4 94+5.4 1 0 4 19(.4)
0 14.4
- - - 6-3 543 5 0 2 18
3 8
-+ - 7-2.5 442 0+1-+.5 3 0 15
4.5 6 1.5
Total 17.5 3.4 10.5 8 6 76 (.4)
Percent 22,9 45,1 13.7 10.5 7.9 39.8
Eighth Grade
+ 4+ - 19-5 10+5 2 1 0 32
14 15
4 - - 20-3.6 6+3.6 0 0 4 30
16.4 9.6
- - - 9-4.,2 74,2 9 0 5 30
4.8 11.2
- k- 18-3 b2 1-+2--1 0 0 25
15 6 4
Total 50,2 41.9 15 1 9 117
Percent 42,9 35.7 12.8 .8 7.7 60,9



Hypotheses Sampling Systems Calculations

(From Gholson et al, 1972)

Eight-Dimension-Cue

(Irrelevant hypotheses Excluded)

Third Grade

Feedback TFocusing Dimension Hypothectis Stimulus Unsystematic Total
Pattern Checking Checking Preference
o+ - 12-7.5 15+7.5 3 3 0 33
4.5 22.5
‘. Lty 8 8448 1 0 13 26(.8)
0 12.8
L 1-6 1046 6 0 6 23%5)
0 16
- - 9-6.5 7+3.5 1+64-3 0 1 24
2.5 10.5 10
Tostal 7 61.8 20 3 20 106 (+5.8)
Percent 6.3 55.3 17.6 27 17.¢ 57.8
Eighth Grade
o - 13-4 E+4 3 0 0 24
9 12
+ - - 15-8.4 14+3.4 2 0 2 33
6.6 22.4
— 11-9 15+9 5 0 4 35
2 24
-+ - 17-6.5 9+4,5 0-+44-2 0 1 2
10.5 13.5 6
Total 28.1 71.9 16 0 7 123
Percent 23.1 58.9 13.1 0 5.7 64.1




Hypotheses Sampling Systems Calculations
(From Gholson et al, 1972)

Eight-Diménsion-No-Cue
(Irrelevant hypotheses added)

Third Grade

Feedback Focusing Dimension Hypothesis Stimulus Unsystematic Total
Pattern Checking Checking Preference
4+ - 12-2 &+D 3 5 0 3e
Irrelevant +12

10 13
4 - - 5-5.4 o454 ] 0 4 34.(.4)
Irrelev.ant +15

0 29.4
o 6-3 53 5 0 2 35
Irrelevant +7 + 5 +5

3 15 10 7
- 4 - 7-2.5 44-2 14.5 3 0 29
Irrelevant +13 -1

4,5 19 2.5
Total 17.5 81.4 16.5 8 11 134(.4
Percent 13.0 -60.6 12.3 5.0 3.2 70.2

Eizhth Grade

4+ + - 19-5 1045 - 2 1 0 40
Irrelevant 48

14 23
.- 20-3.6 63,6 0 0 4 40
Irrelevant . -+10

16.4 19.56
- 9-4.2 7+4.2 9 0 5 39
Irrelevant +8 +1

4.3 19.2 10
-+ - 18-3 442 1+241 0 0 35
Irrelevant +9 . +1
15 15 5

Total 50.2 76.8 17 1 9 154
Percent 32.6 49,9 11.0 .6 5.8 80.7




Hypotheses Sampling Systems Calculatioans
(From Gholson et al, 1972)

Eight-Dimension~Cue
{(Irrelevant hvpotheses added)

Feedback Focusing Dimension Hypothesgis Stimulus - Unsystematic Total
Pattern Checking Checking Preference
i 12-7.5 1547.5 3 3 0 41
Irrelevant +&
: 4,5 30.5
+ o - 4-4.8 84,3 1 0 13 35(.8)
Irrelevant 9
0 21.8
‘ o 1-6 1046 6 0 6 34(5)
! Irrelevant 6 +3 +2
l 0 22 ' 9 8
- 4+ - 9-6.5 73,5 14643 G 1 28
Irrelevant +2 +2
2.5 12.5 10 2 1
Total 7.0 6.0 23 5 22 138(5.%3)
Percent 4,9 £0.4 16.0 3.5 15.3 74,5
Eighth Grade
+ 4 - 13-4 8-+ 3 0] c 29
Irrelevant +5
g 17
+ - - 15-8.4 1448.4 2 0 2 37
Irrelevant +3 +1
6.6 25.4 3
— 11-9 15+4¢ 5 0 4 38
Irrelevant +3
2 27
-+ - 17-6.5 9-+4.5 442 0 1 32
Irrelevant +1
10.5 14,5 6
Total 28.1 83.9 16 0 8 136

Percent 20,7 61.7 11,8 0 5.9 70.8




Hypotheses Sampling Systems Calculations
(All problems)

Tour-Dimension-No Cue

Third Grade

F.P, Fo Fo D-Ch D-Ch H-Ch sP Unsyst D-Ch Uneyet Total
Sh ch Exror Error
Z
+ + - 12-9 +4 1849 -1 1 3 0 4 4 4
7 28
G - - 18-3.6 6+3.56 2 0 8 5 10 49
14.4 8.6
- - - 11-6.6 11+6.6 6 1 2 7 19 48
4,4 17.6
-4 - §=4.5 D8+ +3 14145 3 7 9 6 46
3.5 15 2.5
Total 29.3 70.2 11.5 7 17 25 3 1901
Percent 15.4 36.9 6.1 3.7 8.¢ 13.2 15.2
Einshth Grade
+ o - 28-7- +3 1447 +1 0 0 0 1 0 &7
24 22
+ - - 21-6.6 114+6.6 1 0 5 6 4 48
4.4 17.6
--- 21-8,4  lat8.4 7 0 2 4 1 49
12.6 22.4
- - 25-5.54+2 8445 121 G 1 6 1 &7
12,5 4
Total 72,5 75.5 12 0 8 17 6 191
Percent 38.0 39.5 6.3 0 4,2 3.9 3.1
Note:
7,P= Feedback Pattern H-Ch= Hypothesis Checking
Fo= TFocusing $P=Stimulus Preference
Fo th=Focusing with shift Unsyst= Unsystewatic
D-Ch= Dimension Checking D-Ch Error=Dimension Checking with error

D-Ch Sh= Dimension Checking with shift  Unsyst Error=Unsystematic with error



Hypotheses Sampling Systems Calculations

(A1l problems)

Four-Dimension=-Cue

Third Grade

F.P, Fo Fo D-Ch D~Ch H~Ch €2 Uncyst n=-Ch Unsyst Tot:
Eh Sh Error Error
+ - 20-8,5+2 17+4+8.5 -1 2 1 0] 3 2 48
13.5 26.5
4 - - 17-10.2 17+10.2 1 0 5 3 5 48
6.8 27.2
- - - 15-8.4 14+8.4 5 0 4 6 14 48
6.6 22.4
- - 10-7 4 9+4,5 +1 2.L542.,5 1 2 11 2 47
7 9.5
Total 33.9 90,6 17.5 2 11 23 13 191
Percent 17.7 47 .4 Q.2 1. 5.8 12.0 6.8
Eighth Grade
- 2¢.6 +2 1246 0 D 0 5 0 48
25 18
4. - 25=-0,% S+, 8 1 0 8 ? 3 43
2.2 12.8
- - - 15-8.4 1448.4 5 0 6 7 1 43
6.6 22.4
-k - 20-5.541 1045 +4 141,58 0 0 2 7 48
15.5 19 4+ 2.5
Total 65.3 72,2 .5 0 14 23 B 102
Percent 35,6 37.6 4.4 0 7. 12.0 3.1



Hypotheses Sampling Systems Calculations
(All problems)
right-Dimension-No~Cue

Third Grade

r.p?, Fo Fo D-Ch  D-Ch H-Ch sP Unsyst B=-Ch Uneyst Total
Sh Sh Error Ervror
4 4 - 11-2,5+2 5+2,5 +2 3 5 0 6 2
Irrel +12
10.5 21.5 48
- - 5-5 0+5.4(~.4) 1 0 2 12 4
Irrel +15
0 29 48
- - - 5-3.6 6+3.6 5 D 5 Q 6
Irrel - <45
1.4 16.5 10 48
- - 7-2.5+1 42 +3 1-+-14.5 3 Q & 5
Irrel 13 41
5.5 22 3.5 47
Total 17.4 32,1 17.5 3 7 35 17 121
Percent .1 46,6 S 4,2 3.7 18.2 g.¢
Eighth Grade
o e - 19-5 +1 105 2. 1 0 3 2 46
Irrel +8
15 2
+ - - 20-3.,6 648.6 0 0 3 3 2 4@
Irrel -+10
16.4 19.6
- - - 94,2 7+4,2 9 0 3 6 5 48
Irrel -+8 +1
4.8 19.2 10
- 4 - 18-3 4-+2 +1 1+24+1 0 0 10 3 49
Irrel +9 +1
16 5
Total 51.2 77.8 17 1 6 27 12 192
Percent 26,7 40.5 3.9 .5 3.1 4.1 6.3



Hvpotheses Sampling Systems Calculotions

(A1l problens)

Eight-Dimension~-Cue

Third Grade

F.P. Fo Fo D-~Cl D-Ch H~-Ch sp Uneyst D-Ch- Uneyst Total
Sh Sh Error Error
R 11-8 -2 16-+8 3 3 0 4 1 48
Trrel +3
5 32
+ - - L=t S+4,8 (-,8) 1 0 6 13 7 48
Irrel +2
0 21
- - . 1-1 1046 (~5) 5 0 3 10 e &8
Trrel -6 -2
0 17 G
- 4 - 7-7.5 b4, 5(-.5)42 14643 0 1 2 5 48
Irrel =2 2
0 17 10 2
Total 5 S7 25 5 1.0 20 23 192
Perceut 2,6 45,3 12 2.6 5.2 20.3 12
Eizhth Grade
I 13-4 48 244 --2 3 0 0 9 0 43
Irrel +5
17 16
+ - - 15-8.4 14+8,4 2 0 2 9 2 48
Irrel +3 -+1
6.6 25.4 3
- - = 11-9 "15+9 5 0 1 9 4 48
Irrel +3
2 27
- 4 - 17-6.5+4  944.5 -2 1+442 0 1 8 1 438
Irrel +1
14.5 16.5 7
Total 40.1 87.9 17 0 5 35 7 192
Percent 20,9 45,8 8.9 2.6 18.2 3.6



Appendix H

(From Gholson, Levine and Phillips, 1972)



The technique for analyzing a set of protocols into the various

systems will be demonstrated here.

The general conception: It is assumed that a subject begins a

problem with some system that dictates his mode of sampling hypotheses.
Each system 1s manifested in one of a small subset of hypothesis se-
quences. For example, the Stimulus Preference System is manifested
when the same hypothesis is continually repeated after each of a
series of disconfirmations. There is a small subset of these hypothe-
sis sequences s8ince the particular hypothesis is not specified -- a
subject might perserverate on "large size," or on "black," etc.

A second assumption is that this system is maintained at least
until the fourth feedback trial, i.e., the hypotheses observed after
each of the first three feedback trials are dictated by a single sys-~
tem,

The third assumption concerns the subjects' manner of resampling
for hypotheses after a disconfirmation. The hypotheses are divided
into two classes: Response-set hypotheses (defined as the subject's
preference, or bias, causing him to produce long strings of stereo-
typic responses) and Prediction hypotheses (defined as the subject's
prediction concerning the solution). Correspondingly, the systems are
divided into two classes: Stereotypes (e.g., Stimulus Preference), in
which the subject persists in the same hypothesis despite repeated dis-
confirmations, and Strategies, in which the subject follows some plan
which, in prineciple, leads to solution. During Strategies an hypothe-
sis 1s genuinely tested, i.e., i8 rejected following a disconfirmation.
The third assumption is that when the subject rejects an hypothesis and

resamples (i.e., during Strategies) he always selects a locally-con-



sistent hypothesis.

Finally, the set of systems is specified a priori. The following
set was considered:

Stimulus Preference (abb, S-P): The subject selects an hypothesis
and persists with it for the three feedback trials.

Hypothesis Checking (abb. H-Ch): The eight hypotheses are
ordered by the subject into the pairs of hypotheses from each of the
four dimensions, as though the subject imagines a list of the four
pairs of hypotheses, He goes through this list, testing each hypothe-
sis in turn, one dimension at a time. Thus, he tries an hypothesis,
then, if it is disconfirmed, he tries its complement (the opposite hy-
pothesis on the same dimension). If that is disconfirmed he tries an
hypothesis from another dimension, then its complement, etc.

Dimension Checking (abb. D) : As with H-Ch the hypotheses are
ordered by the four dimensions. In this case, the subject recogunizes
that after the first trial disconfirmation of an hypothesis also lo-
gically disconfirms the entire dimension. (This is logically correct
since the just-disconfirmed hypothesis was, when it had been sampled,
locally consistent. Its complement, therefore, of necessity had at
that time been locally inconsistent). After each disconfirmation,
therefore, the hypothesis comes from a different dimension.

Focusing (abb. Fo): With each feedback the subject eliminates
all disconfirmed hypotheses, whether explicitly manifested or not.
Thus, each hypothesis manifested 18 consistent with all the preceding
feedback-trial information. The hypothesis after the third feedback
trial is, of necessity, the solution.

The analysis: In principle, the experimenter's decision about




the system employed by a particular subject on a particular problem is
simple, He inspects the first three hypotheses and, on the basis of
the particular hypothesis sequence, decides which system is being
manifested. However, a more detailed treatment of the general analy-
tical technique is required because there are certain small complica-
tions. There is an occasional overlap in the manifestation of two
systems. For example, a subject who is following the D system may,
when resampling after the third feedback trial, select the correct
dimension and, perforce, the solution hypothesis. The resulting hy-
pothesis sequence might be identical to that of a subject following
the Fo system. Such confounding requires special techniques for arriv-
ing at valid estimates of the frequency with which the various systems
occur, These techniques vary somewhat with each type of confounding
and with the feedback sequence.

Because of these complications the categorizing of protocols will
be described separately for each sequence of feedback trials, Problems
with confounding will be discussed as they arise. Before proceeding,
| however, a few definitions will be helpful: (1) the feedback, "right"
or "wrong' will be symbolized by + or -, respectively. A subscript
(e.g., +p) will indicate the trial on which the feedback occurred.

(2) The subscripts i, j, k, and 1 will refer to the four dimensions.
Thus, the symbol gﬁ will refer to the first hypothesis seen from the
jth dimension. If the jth dimension is color and '"black" is the first
hypothesis observed from this dimension, the gd = black. The comple-
mentary, or opposite, hypothesis will be indicated by the prefix "'op."
Thus, if Hy = black, then opHy = white., In general, the subscripts i,
---,1 will be used in chronological sequence, so that i will be employed

for the first dimension manifested in & problem, J. for the second,



etc. (3) The correct H, i.e., the solution, will be symbolized as
gf. (4) Corresponding to the Sy labels, S-P, H-Ch, D, and FO, will be
the frequencies of these Sys: f£(S-P), f(H-Ch), etc.

Sequence: +; =2 =3

Each experimental problem is tentatively catalogued as one of the
four Sys according to the manifestation indicated.

Stimulus Preference (S-P)manifestation: +H, -,H, =,H,

Hypothesis Checking (H-Ch) manifestation: +1§i -zop_}_li '3Ej

Dimension Checking (Tentative cataloguing, indicated by priming
1] . - - = +

the symbol, D') manifestation: +1Ei Zﬂj S(Ek H")

Focusing (tentative cataloguing, indicated by priming the symbol,

+
' ifestation: + - H, - =H),

Fo') manifestation lﬂi 21, 3(Ek ). Also, Hj must be not only
locally consistent (see assumption 3, above) but consistent with the
first feedback trial as well, If this criterion is not met then the
sequence is interpreted as a manifestation of D',

Correction required: After cataloguing the problems according to

the sets of manifestations noted above, a correction is required. An S
following the D Sy may choose an Eﬁ which is consistent with the first
feedback trial and an H, = Ef. The resulting H sequence would misg-
takenly be catalogued as Fo thereby inflating its frequency estimate,
f(Fo), and correspondingly decreasing f(D). The relative frequency with
which this particular H sequence occurs (given that S holds D and re-
sponds so as to receive the feedback sequence +1 9 -3) may be estimated
from the following considerations: The corrected D value contains two

components, those sequences which cannot be confused with the Fo sequence

(labelled D') and those sequences which resemble the Fo sequence



(labelled D*). The frequency of D is the sum of the two frequencies,
i.e.,

£(D) - £(D') + £(D¥),
where £(D') is obtained directly from the data. Similarly, the se-
quences in the category labelled Fo' contain two different sets of
sequences: those which are actually the result of the Fo system (la=-
belled Fo) and those which are from the D system (D*). Thesz two fre-
quencies combine giving

f(Fo') and £(Fo) = £(D*),
where f(Fo') is obtained directly from the data.

These two equations contain three unknowns, A third equation is
obtained from these considerations: With orthogonal stimulus sequences
a subject who is holding the D system and who will receive +; and -9
may start the problem with one of only two hypotheses (there are four
Hs which lead to a correct response on trial 1; two of these lead to
an error on trial 2). Starting with one of these two hypotheses, D%,
the sequence resembling the Fo sequence, will occur one-fourth of the
time; starting with the other hypothesis that Fo-resembling sequence
will occur one-half the time. Since the probability that this subject
(holding the D system) will start the problem with each of these two
hypotheses is one-half, the probability of D* occurring is given by

1/2(1/4) + 1/2(1/2)= 3/8. Similarly, D' will occur 5/8 of the time.
Therefore, the requires third equation is
£(D*) = (3/5)£(D').
Solving the three equations yields:
£(D) = £(p*) + (3/5)£(p")
and f(Fo) = £(Fo') - (3/5£(D').



Thus, the value (3/5)£(D') must be added to and subtracted from,
respectively, the initial, tentative frequency assignments for the D
ststem and the Fo system

Sequence: =-1 -, -3

S-P manifestation: -H - H -H
1.1 2-1 3-1

H~-Ch manifestation: This system has two sets of sequences depend-
ing upon whether one assumes that the subject holds an hypothesis be-
fore the problem starts or whether one assumes that the subject receives
information from the first trial before applying his system. Each pro-
cedure yields its own unique sequence. Either sequence, therefore, was
regarded as an instance of H-Ch.

These sequences are: -H -H - opH or -H -50pH -H
1.1 2-5 3 73 15 -1 30

D' manifestation: ~H -H ~3(H_k¢§f)
1= 2-j

The same confounding between D and Fo exists with this feedback
sequence as with the preceding. Also, the same correction procedure
is appropriate:

£(D) = £(D') + (3/5)f(D'), and

£(Fo) = £(fo') - (3/5)£(D"),
where f(D') and £(Fo') are frequencies obtained from the initial cata-
loguing:

Sequence: + + -
1 2 3

S-P manifestation: +H +i -H

1-1 2-f 3-1

H-Ch manifestations: +H + H -g0pHy

-1 2-i
D' manifestation: +H --+H ‘3(EH*ET)
-1 2-1
Fo' manifestation: +H +H -3(3 mﬂf)
1.4 2-1 3



Here, again, a subject holding the D system would, if the correct
dimension were second on his list, produce a sequence resembiing focus-
ing. Since the correct dimension cannot be first on this subject's list
(the given feedback sequence has an error on trial 3, an impossible
event if the subject had started out holding gf) it may be either second,
third, or fourth., One~third of the time it will be second and a Fo se-
quence will result, i.e.,

P(D*/D) = 1/3, and P(D'/D) = 2/3.

Therefore, f£(D¥) = 1/2)f(D') and

F(D) = £(D') + (1/2)£(D")

f(Fo) = £(Fo') ~ (1/2)£(D")

S R
equence: -, +, -4

S-P Manifestation: -H +H ~H
1-1 2-1 3-i

H-Ch' Manifestation: As with the sequence "1 "2 Ty it is neces-
sary to recognize that H-Ch can have one of two forms: the subject may
hold an hypothesis before the first feedback trial or he may start
through his list after receiving information from the first feedback
trial. In the latter case no difficulties arise. The manifestation is
-H ;ﬂ -30PH; . If, however,the subject uses the initial feedback
t;ial ;i reject the first hypothesis from the first dimension on his
list, then the disconfirmation at trial 3 causes a shift to a new di-
mension, yielding the sequence -H +H -H. It should be obvious that
this sequence is identical to thi;ipi;;uczajby D and, if gj = Ef, by Fo.
The confounding with D will be treated here; the confounding with Fo

will be treated subsequently.

T Hy = u' then the sequence could be the result of H-Ch or of D.



A simple way to deconfound is to view the next hypothesis the subject

employs. If his system is H-Ch, then he will show -H +H -H -aopﬂ .
1-1i 2-1 3-§ 1

This clearly is not a product of D. If, on the other hand, the subject

is holding the D system, then he will show -H +H -H -H .
1-i 2-4 3-3 64-k

In the summary, (H-Ch') manifestation:

(d-Ch),: -H +H -~ opH,,or
191 2.1 3 ¥

(H-Ch')y: -H +H -=,(H #at) - H
1-1 2-1 3 bk

Fo' menifestation: -H +i -3(§j =ﬂf)

Correction requiredt-ith;Zas with previous feedback sequences
only the D and Fo systems yielded the same hypothesis sequence, here
three eystems)(H-Ch)z as well as D and Fo, can yield the same hypothesis
derivation in the previous cases.

Thus, the corrected frequency for (H-Ch)2 contains two components,
those sequences, here labelled (H-Ch')z, not confuseable with the other
two system patterns, and the sequence which resembles that from the Fo
system, labelled (H-Ch*)z. The frequency of (H-Ch)2 is' the sum of the

two frequencies, i.e.,

E(H-Ch)y = £(H=Ch'), + £(H-ChY),.

Similarly, £(D) = £(D') + £(D¥%)

Also, f(Fo) + £(Fo') - f(H-Ch*)2 - £(D*).

Values for the primed variables are obtained directly from the
data. 1In order to determine the corrected values of the systems, i.e.,
f(H-Ch)z, f(D) and f(Fo), it is necessary first to determine the values
of f(H-Ch*)2 and f(D*), These may be obtained from the following con-

siderations:



For (H-Ch)zz A subject's hypothesis sequence will resemble the
Fo system only if the correct dimension is second on hig list. Since
it cannot be first on the list (Hi cannot be H+ because of the error
given at the third feedback trial), it will be second one-third of the
time, Therefore, P [kH-Ch*)2 l (H-Ch)é] = 1/3, and P {-(H-Ch')zl
(H-Ch)é] = 2/3. From this we obtain, £(H-Ch*), = (1/2)£(H-Ch'),.
For D: The consideration which applies to (H-Ch)2 applies here,
One-third of the time a subject who holds the D system and who re-
ceives the feedback sequence 1 +y -3 will have the correct dimension
second on his list., Therefore
P(D*| D) = 1/3, P(d'| D) = 2/3, and
£(D*) = (1/2)£(D').
The appropriate corrected equations are
f(H-Ch)2 = f(H-Ch')2 + (1/2)f(H-Ch')2
f(D) = £(D') + (1/2)f(D'), and

£(Fo) = £(Fo') - [_(1/2)f(H-Ch1)2 + (1/2)f(D'i] .



Appendix I



Percentage of Dimension Checking Problems in
Which the Second or Third Hypothesis is Inconsistent

with First Feedback

Third grade Eighth grade
Four-Dimension~-No-Cue 65.9 59.2
Four-Dimension-~Cue 52.6 72.9
Eight-Dimension-No-Cue 72,9 63.8
Eight-Dimension-Cue 67.7 63.9
Total 65.3 64.8

Percentage of Dimension Checking Problem in Which the

Third Hypothesis is Inconsistent With Second Feedback

Four-Dimension-No-Cue 34.1 45.8
Four-Dimension-Cue 52.6 27.1
Eight-Dimension-No-Cue . 44,3 50.0
Eight-Dimension-Cue 33.3 54.1

Total 44.3 45.1



Appendix J



Globally Consistent Problems as a Function of Feedback

Feedback Patterns

Third Grade - -t +-a ———
Four-Dimension-No-Cue 34 16.7 34.7 22.9
(16/47) (8.48) (17/49) (11/48)
Four-Dimension-Cue 45.8 29.2 35.4 29.2
(22/48) (14/48) (17/48) (14/48)
Eight-Dimension-No-Cue 27.1 25.0 10.4 10.4
(13/48) (12/48) (5/48) (5/48)
Eight-Dimension-Cue 27.1 14.6 8.3 4.2
(13/48) (7/48) (4/48) (2/48)

Eighth Grade

Four-Dimension-No~Cue 66 56.3 45.8 42.9
(31/47) (27/48) (22/48) (21/49)

Four-Dimension-Cue 64.6 45.8 54.2 29.2
(31/48) (22/48) (26/48) (14/48)

Eight-Dimension-No-Cue 43.5 40.8 46.9 18.8
(20/46) (20/49) (23/49) (9/48)

(22/48) (21/48) (16/48) (11/48



Appendix K



Codes for Post-Experimental Verbalization Themes

E Elimination

M1 Memory for first trial information
M Memory

p Attend to positive instances
PH Memory for past hypotheses

L Test by dimensions

F Use feedback

H Test hypotheses

DK Don't know

U ILdiosyneratic

C Cue card

RR Retain relevant hypotheses



Categorization of Post Experimental Verbalizations
by Theme

Theme Third grade Eighth grade
4DNC 4DC 3DNC 8NC Total 4DNC 4DC 2DNC 3SDC Total

E 1 0 C 1 2 14 10 10 11 45
E,ML 0 0 0 0 0 11 7 & 6 30
M 11 e 4 ¢ 33 19 20 17 13 69
M1 4 4 , 1 3 12 13 13 11 6 43
P 5 6 4 5 20 3 2 L 5 1l
PH 2 0 o 2 4 3 1 1 0 5
D 0 0 0 0 2 2 1 2 4 9
¥ 3 6 3 3 15 0 0 3 0 3
H 5 2 2 1 10 0 0 1 1 2
DK 4 2 3 5 14 0 0 0 0 0
C* - 2 - 5 7 - 1 - 2 3
c - 6 - ¢ 15 - 2 - 5 7
RR* - - ¢ - 0 - - 0 - 0
RR - - 13 - 13 - - 7 - 7

Note: *= main theme



14,

15,

16.

17.

20.

Categories

Theme

Third Grade

Eighth Grade

Eliminate
Hypothesas

Eliminate

Retain lst
TrialPositive
Try Each
Hypothesis

Retain lst
Trial Positive
Compare Each
Positive

Retain lst
Trial Positive
Cowmpare

Retain lst
Trial Pcsitive

Compare
Positives

Remember
Positive

Look at
Positives
Remember Past
Verbalized
Hypotheses

Remember Past
Verbalized
Hypotheses

Remember Past
Events, Compare

Remember Past
Events

Memory. Vague

P,M1

M1

P, M

M, P,
P

M, PH

M

M

4DNC

4DC

8DNC

8DC

4DNC

4DC

8DNC

8DC

0

0

N

0

0

0

0

4

1

i

1

0]

A



24,

25,

26.

27.

28,

29.

30.

31.

32.

34,

35,

36.

Categories Thewe Third Grade Eighth Grade
4DNC 4DC 8DNC 8DC 4DNC 4DC SDNC 8DC

Dimension D 0 0 0 0 1 1 1 3
Checking
Looked at
Positive 2 0 2 2 1 1 0 0 2
Used Posi- F 3 5 1 2 0 0 3 0
tive Feed-
back
Used Nega- F 0 1 2 1 0 0 0 0
tive Feed-
back
Tried All B 2 1 0 1 0 0 1 0
Hypotheses
Unsystematic H 3 1 2 0 0 0 0 1
Hypothesis
Testing
Don't Know DK 4 2 3 5 0 0 0 0
Idiosyncratic U 0 1 1 0 1 0 0 0
Used Cue C - 2 - 5 - 1 - 2
Primary

. Used Cue C - 4 - 4 - 1 - 3
Remember RR - - 6 - - - 2 -
Relevant (3/3) 0/2)
Hard to RR - - 6 - - - 3 -
Remember (5/1) (0/3)
Relevant
Rehearse RR - - 1 - - - 2 -
Relevant (1/70) (0/2)



10.

Data on Post Experimental Verbalizations

Categories Theme

Third Grade

Eighth Grade

Retain lst
Trial Posi-
tive. Focus

Memorize 8
Hypotheses
Preceding

First Trial

Retain lst
Trial Positive
Information
Fliminate Each
Feedback Trial

E,Ml

Retain lst

Trial Positive
Tnformation
Eliminate Wrongs

Retain lst
Trial Positive
Information
Eliminate
Hypothecses

not on
Positive

Retain lgt
PTrial Positive-
Eliminate

Retain
Positive
Eliminate

not on Positive

Eliminate E
Hypotheses on
Negative

Eliminate E,D
Dimensions

Eliminate
Past Verbal-
ized Hypotheses

4DNC

4DC

8DNC

8DC

4DNC

4DC

8DNC

8DC

0

0

0

0

2

N

2

1

Ny



Number

1.

4

Kol

10.

11.

120

Group

Examples

Post Experimental Verbalizations

Verbalization

8th grade
8DNC

8th grade
4DNC

8th grade
ADNC

8th grade
4ADNC

8th grade
4DNC

8th grade
4DC
3rd grade

8DC

3rd grade
4DNC

8th grade
4DNC

8th grade
4DNC

8th grade
$DC

8th grade
8DNC

I rehearsed the four cues on the first card that could be
right., On the second card I got rid of two and then on the
third, I knew the answer,

Process of elimination, Take the two figures-memorize then keep
the four ideas on the right one, Then each time eliminate
what's wrong,

Elimination. Picked one-if right-memorized- if one was wrong,
three other possibilities~then two possibilities~ sometimes
after the second, only one.

Process of elimination., If picked wrong, look at right card .
Tried to memorize first cord that was right and then eliminate
if they were on wrong cards,

Process of elimination. Looked at first card saw what was
right each time, Eliminate the ones that weren't on the right
cards.

I remembered all the things that were on the right card and
elininated what was wrong,

Everytime before vou turned a page, I looked at right one and
said it over and over again in my mind- either-or- and then
stopped saying when I knew it was wrong.,

First I chose one than I chose another. I think back., I
remember which was wrong. I take the thiags that have heen
on the wrong one out and then I try the ones that were on the
right ones. I tried them ali. '

First choose one thing like size -tried big and swell and then
eliminated that and tried znother thing,

I used the process of elimination- eliminate those I used -but
sometimes I forgot.

Leoked 2t all things-picked one that had some of the things-
if it was wrong, eliminate those characteristics.

By the process of elimination. Sometimes I wasn't listening
when you told me what it could be £ad I coudn't remember.



Humber

16.

17.

18,

19,

26,

27,

Group

Jud grade
4DNC

8th grade
DC

o

3rd &rade
4DC

3rd grade
4pc

3rd grade
&nc

3rd grade

4DNC

3rd grade

8DC

3rd grade
DC

(0]

8th greade
4nC

8th grade
4DC

3rd grade
8DC

8th grade
8DNC

8tli grade
8pc

8th grade
8DNC

3rd grade
4DC

Verbalizations

I remembered first four right ones., 1 tried one than another.
I kept these Iin mind and then fourth answer had to be right,

Tried to remember first right one and looked at cords that
wvere right for the same ones ag the first cne,

I picked a letter- if it was right, I picked the same thing.
1f it was wrong I would see if there was one that was right
that was the same as the first right card,

£

I tried to remsmber the fivet card that wos right,

When it was wrong, 1 looked at the other one., T picked one
from the other that had been right-tried to remembeyr what
had been right,

o

tried to remember what wes right on the others and then I

I tri
tried them, When vou said it wasn't, I tried another one.

I tried to see what all the right ones had. Then everytimsz
the last one. The ones T had already picked, I didn't pick
any more,

T tried to remember what I said.

I triad to figure it ouz, If wrong, [ tried znothev, T
tried to remenber the card thet was right just before,

I remembered the one before that was 1right and tried to
pick what they had in common.

Used the cards and narrowed it down. I tried to remember
but I forgot,

I did emall, {f not that-did large--if not this, than that,
one selt at a2 time, Sometimes I forgot what counted,

I picked any one at first. T looked at the wight cavrd, If

it dida't have it, T didn't use it agein. If it did I used
it again, If not, I went to another thing on the right piéts
ure,

I took one st random. I'd try it again if it was right,
I just guessed., When I kept seeing those different pictures,

I knew what it was. 1If it was wrong, I tried another one
until I got it.



Number

28,

29,

30.

31.

32.

33.

34,

35.

Group

8th grade
EDNC

&th grade
8ncC

3rd grade
3ncC

8th grade
4DNC
8th grade

8DC

8th grade
8pC

3rd grade
8DNC

3rd grade
anmic

3rd grade
8INC

Verbalization

I tried each one,.

I just picked around- anything I could think of,

I don't know

I was thinkiag of all the possibilities- I tried certain
things~ I summed them up ~like I'd try T and Filled In.

If that wasn't right, I had to alternate,

I went through the list. I tried each one,.

I used the card, When the one I chose was wrong, I picked

another one that was on the right picture,

I remembered the ones you said,

Sometimes I forgot what you told me in the beginning.

T said them over and over again and tried to remember
which could be right,
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